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SECTION 1

OVERVIEW

This final technical report on the development of a generalized

explanatory base operating support (GEBOS) model covers applied basic

research undertaken by General Research Corporation (GRC) from I June

through 30 November 1979. Project work has been funded by the Air Force

Office of Scientific Research (AFOSR), under Contract F49620-79-C-0146,

in behalf of the Directorate of Manpower and Organization (AF/MPM), Head-

quarters, United States Air Force. The focus of this work has been on

full development of the GEBOS model for three test commands.and on pro-

totypical extension of the model concept to encompass selected mission

impacts of base operating support (BOS) changes.

1.1 BACKGROUND

The research documented here is an outgrowth of earlier GRC work

addressing the feasibility of deriving and applying aggregate BOS work-

load/output indiLcators for use as management tools at the Air Staff
1

level. This earlier work concentrated on the derivation of aggregate

workload and manpower relationships for the BOS program elements of Air

Training Command (ATC), Strategic Air Command (SAC), and Tactical Air
2.

Command (TAC). it was undertaken in recognition of a need for more

precise means of quantifying BOS outputs and the manpower associated

with varying output levels. Major results included:

0 Compilation of a pilot workload indicator data base to

support time series and cross-sectional analyses of

1E. J. Schmitz, R. Somers, and T. Vassar, Pilot Program to Develop
Aggregate Base Operating Support Workload Indicators for Use in Air
Staff-Level Manpower Management, Report 1059-01-79-CR, General Research
Corporation, March 1979.

2Respectively, program elements 85796, Base Operations (Training); 11896,
Base Operations (Offensive); and 27596, Base Operations.
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manpower and output relationships within BOS functional

categories.
1

0 Establishment, through objective experimentation, that use-

ful BOS workload indicators could be derived to support Air

Staff-level manpower management and presentation of require-

ments to the Office of the Secretary of Defense (OSD), the

Office of Management and Budget (OMB), and the Congress.

* Preparation of a concept and implementation plan for an

Air Force-wide Aggregate Workload Indicator System.

* Development of a prototype GEBOS model which could use man-

power workload-indicator relationships to:

- Estimate the impact of a given increase or decrease

in manpower on projected outputs or capabilities by

function and major command.

- Project the manpower impact of a given workload in-

crease or decrease by function, program element (PE),

and command.

- Explain the apparent interdependency of various work-

load measures, including support-on-support relation-

ships implicit in BOS.

As addressed below, this most recent effort has been concentrated

on refinement of the GEBOS model to eLhance its usefulness as an Air

Staff management tool.

1Administration; ret.il supply operations; maintenance of installation
equipment; other base services; morale, welfare and recreation; other

personnel support: and bachelor housing operations. These functional
categories are defined by OSD and are made up of aggregations of Air
Force functional accounts.
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1.2 OBJECTIVES

Research objectives and associated tasks have been as follows:

* Data collection and analysis:

- Identify additional data requirements necessary to con-

tinue development of the current prototype GEBOS model.

- Update the pilot workload indicator data base with the

most current data on:

- Manpower authorizations by base, function, mili-

tary/civilian status, and PE.

- Workload, as detailed in various standardized

reports.

- Specialized workloads as detailed in responses

from SAC, TAC, and ATC to requests for specific

data.

- Refine gross workload indicators to more reliably

reflect workload data content and physical outputs.

- Refine and update previously derived factors using

current and, where appropriate, annualized data.

0 Full development of the GEBOS model for test commands:
1

Continue development of the GEBOS model based on con-

cise systems and operations research and analysis to

assure accurate and consistent model performance.

Incorporate precise workload indicator/manpower inter-

relationships into ihe BOS model to realistically

simulate the complex impact of BOS manpower adjust-

ments and associated changes.

Maintain throughout the model refinement process a

prime focus on real-world interaction of data elements,

ISAC, TAC, and ATC.
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on generating meaningful model output, and on substan-

tive manpower/workload relationships in a form usable

and meaningful to Air Staff and higher authorities.

rrovide an operating GEBOS model, covering the test

commands, on a commercial computer system with docu-

mentation to include a system description and an up-

dated copy of the data collected for analysis.

Exploration of GEBOS model extension to mission impacts:

Initiate research on correlatio= of mission impacts

with BOS changes.

Identify key mission output measures; review existing

reports, project outcomes, and data that deal with

related issues; and designate the test command(s)

selected for mission impact research extension.

Collect additional data on primary mission activity

for correlation of the impact of BOS changes to in-

clude alternative measures of mission effectiveness/

readiness.

Investigate mission manpower and primary mission

activity in detail for the selected operational com-

mand.

- Analyze aggregate BOS relationships to primary mission

capability, particularly in such BOS areas as supply,

equipment, and maintenance; focus on determining the

validity and consistency of such relationships and

select the most usable form of these relationships for

modeling test command mission/BOS manpower/workload

relationships for extension to other commands.

- Prepare a draft plan for incorporation of an exten-

sion to mission relationships in the GEBOS model.
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Provide the user activity (HQ USAF/MPM) a demonstra-

tion of the prototype mission impact GEBOS model using

a commercial computer system.

This report will detail the accomplishment of the objectives and

ta -s enumerated above.

1.3 SUMMARY OF ACCOMPLISHMENTS

1.3.1 Data Collection and Analysis

Data needs to continue GEBOS model development were identified to

AF/MPM and discussed with Air Force Management Engineering Agency (AFMEA)

personnel in June 1979. Manpower authorizations and workload data for

FY78 were obtained from AFMEA, the Air Force Accounting and Finance

Center, the Air Force Data Services Center, the three test commands, and

certain other sources. These data were used to update the pilot workload

indicator data base which was reactivated on the Computer Sciences Tele-

processing System (CSTS) in July 1979. Section 2.1 and Appendixes A

through E provide details.

Analysis efforts completed included:

Comparison of FY78 manpower and workload data to that pre-

viously obtained for FY77.

Identification of those FY78 workload indicators highly

correlated with related functional manpower.

* Development of FY78 GEBOS model production functions through

multivariate regression analysis, including modification of

estimating equations to incorporate "best" predictive vari-

ables.

* Analysis of workload intercorrelations to develop workload

interrelationship equations for the GEBOS model.

Section 2.2 is an extended discussion of this work, while Appen-

dixes B through E document supporting quantitative data.
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1.3.2 Full Development of the GEBOS Model for Test Commands

Significant achievements were made in the continued development of

the GEBOS model. In its prototype form,1 it served fundamentally as a

descriptive model which associated specified changes in BOS manpower (by

functional category) with changes in a set of primary workload indica-
2

tors. Using simultaneous production function equations (with coeffi-

cients derived through stepwise multivariate analysis of FY77 workload

and manpower data from the pilot workload indicator data base), it allowed

for the "support-on-support" change implicit in the BOS sector of instal-

lation operations. Its potential utility was for quantification of esti-

mated changes in output to support budget requests/reviews or to estimate

the workload capability impact of directed reductions (given a constant

production function). Specific limitations of the prototype included

the following:

* Absence of a suitable basis for distributing (by functional

category) manpower changes associated with a given workload

change.

* Limited options for specifying manpower changes (i.e., total

manpower or single function only).

• Changes in manpower across functional categories could only

be distributed on a pro rata basis.

0 Interrelationships to account for "support-on-support" were

limited only to the three population variables.
2

* Descriptive capability was limited to only seven non-popula-

tion primary workload indicators.

0 Base closures (or openings) could not be treated in combina-

tion with other postulated changes.

iSchmitz et al., op. cit.
2Base population, travel transactions, supply transactions, supply item
records, vehicle inventory, vehicle mileage driven, total population
supported (including dependents), military population, weighted rations
served, and visiting officer quarters.
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The current operational version of the GEBOS model has been designed

to overcome these limitations. Its full capabilities were demonstrated

to AF/MPM personnel on 14 November 1979 using the CSTS commercial time-

sharing services. Specific features include:

* Use of linear programming methodology to solve an expanded

simultaneous equation set.

0 Capability to account for interrelationships among all pri-

mary workload and population variables.

0 Incorporation of production functions for additional descrip-

tive workload indicators even though not used as primary

variables due to lower significance in multivariate analyses.

- Complete user flexibility for input of both manpower (by

functional grouping) and primary workload variables.

* Consideration of interrelationships among all primary work-

load indicators in accounting for "support-on-support"

relationships.

0 Integration of capability to exercise base closing/opening

options in conjunction with other BOS changes.

The adoption of linear programming methodology represents the most

significant new feature of the GEBOS model and provides a capability to

use the model in a normative (or optimizing) as well as a descriptive

mode. As it presently operates, the objective function maximizes work-

load (output) capability and minimizes slack functional manpower for a

given manpower change or it minimizes BOS manpower (and functional slack)

for a given workload change. The coefficients of the objective function

assume equal value for all functional capabilities; however, by relaxing

workload interrelationship constraints and applying judgmental weights

to functional indicators on manpower, the model has the potential for

providing functional manpower/workload distributions consistent with

user priorities. Full utilization of this latter capability will require

some further experimentation and development.
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At present, the GEBOS model also has rudimeutary capability for

use as a predictive model for manpower programming, since user input

changes in supported mission populations can be used to generate BOS

changes by workload and function. In this form, however, the model does

not differentiate types of workload generated by different primary mis-

sion units. This latter capability needs fuller development as will be

discussed later when treating developmental work on the GEBOS model

mission impact capability. Sections 3.1 and 3.2, augmented by Appendixes

F and G, provide full detail on basic GEBOS model design and operation.

Model verification and validation have been a key challenge during

this Lesearch period. If the model is to be used with confidence for

explaining/justifying BOS manpower and workload indicator relationships

to higher authority, for estimating functional distributions of BOS man-

power and/or workload changes, or, eventually, as a manpower programming

and allocation tool, it must, within acceptable limits, approximate the

results of detailed standards applications at major command level. Four

principal approaches to the determination of model validity have been

identified.

0 Internal verification of computational methodology using

existing data.

* Validation through application of historical data.

* Validation through comparison with direct application of

standards and guides.

0 Validation through comparison with standard/guide application

resulting from programmed mission (force structure) changes.

Internal verification of the .urrent GEBOS model has been success-

fully completed; given either FY78 manpower authorizations or workload

indicators, the model accurately replicates the workload and manpower

data used for derivation of the functional category production functions.
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As an initial validation step, FY77 production functions have been

used with FY78 manpower and workload data and FY78 production functions

have been used with FY77 manpower and workload data. In both cases,

there were frequent differences of 10% or more between actual and pre-

dicted manpower/workload in certain functional categories. While these

differences are to be expected due to year-to-year changes in produc-

tivity (generally, productivity increases were indicated) and fall within

expected limits, this process cannot be considered a precise validation

technique. It does, however, highlight the desirability of annual update

of regression coefficients used in production functions.

Certainly validation through direct standards/guides application

is a preferred method. Because of the workload it would have imposed

on Air Force activities, and certain technical complications, a full

validation of this type was not undertaken during this research period.

A trial priceout of SAC supply standards was completed and established

that, allowing for assumptions which had to be made, the GEBOS model

prediction for the retail supply operations functional category repli-

cated actual standards applications within reasonable limits.

The fourth approach to validation, comparison with standard/guide

application resulting from programmed force structure changes should

provide the most acceptable basis for validation. This approach should

be undertaken when full mission/force structure capabilities have been

integrated in the model. At that point, the model can be tested against

actual force structure changes which have been entered in command manpower

data system unit authorization files. Once satisfactory explanations for

differences have been developed and appropriate adjustments made, the

GEBOS (mission) model can be effectively extended for use as a programming

and allocation tool.

Section 3.3 and Appendixes H and I provide additional details on

validation.
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1.3.3 Exploration of GEBOS Model Extension to Mission Impacts

Extension of the GEBOS model to deal with the direct mission im-

pacts of BOS manpower and workload capability changes has two major

objectives:

" To provide a means for relating BOS changes quantitatively

to changes in war-fighting capability.

* To permit the GEBOS model to be used as a force-structure

related manpower programming and allocation tool.

During this research period, various mission output measures with

potential for GEBOS use in quantifying mission effectiveness/readiness

were identified. The conceptual approach identified as preferred has

the following features:

* Correlating peacetime mission capability measures (e.g., fly-

ing hours, training sorties, UE aircraft Ly mission design

series, etc.) and mission unit manpower to primary BOS work-

load indicators such as supply transactions, fuel consumption,

etc.

0 Incorporation of mission relationships in the existing linear

programming model set of constraint equations.

" Adjustment of BOS manpower and primary workload indicators

as a function of changes in specified force units and their

associated workload/capability measures (programming mode).

" Assessment of force unit/capability impact of BOS manpower

changes subject to user input priorities/constraints ol

distribution of force capability changes.

* Linking of peacetime mission unit workloads to wartime

mission capabilities through specific unit capabilities as

identified in the designed operational capability statement.

* Quantification of final war-fighting capability changes in

terms of sorties and/or flying hours planned for application

under a given wartime scenario.
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Preliminary analysis of BOS/mission workload relationships was

conducted using TAC as the test command and a prototype GEBOS (mission)

or GEBOS-M model was demonstrated for HQ USAF/MPM representatives on

28 November 1979. Section 4 and Appendix J provide details to include

a draft plan for full development of the GEBOS-M model. Also developed

in Section 4 is a concept for alternative GEBOS-M model operation where

mission capabilities are held constant and selected production function

adjustments are made to account for BOS changes.

1.4 PROFESSIONAL PERSONNEL ASSOCIATED WITH THE RESEARCH EFFORT

Mr. Edward J. Schmitz, senior analyst, served as principal investi-

gator and project manager throughout this research period (June through

November 1979). Study team members consisted of Mr. W. Roger Johnson,

senior analyst; Mr. Henry C. Alberts, principal scientist; and Dr. Thomas

B. Vassar, consultant in the areas of mathematical modeling and computer

programming.

GRC management oversight was provided by Mr. Norvin E. Rader,

senior analyst, and Mr. Jack I. Posner, principal scientist and Asso-

ciate Director for Management and Organization. Mr. Richard L. Somers,

principal scientist and Vice President/Director of Resource Management

Operations provided senior supervision, made technical contributions

throughout the period, and participated as co-author in the preparation

of this report.

I-ii



SECTION 2

DATA COLLECTION AND ANALYSIS

This section summarizes the principal activities and findings of

the data collection and analysis effort. The detailed results and sup-

porting information can be found in Appendixes A through E.

2.1 DATA NEEDS AND COLLECTION ACTIVITIES

A majority of the FY78 data required for continued development of

the GEBOS model was provided by AFMEA. All manpower authorization data

and many workload indicators were made available to GRC and transmitted

via magnetic tape to the Computer Sciences Telaprocessing System (CSTS)

in Augast 1979. AFMEA's data collection activities greatly reduced the

data collection, data entry, and preliminary data processing and trans-

formatioa effort required by GRC prior to beginning analysis.

In addition to workload indicator data provided by AFMEA, several

other workload indicators were collected. These included additional

accounting and finance data, vehicle data, detailed supply data, air

traffic operations data, and various other base-level workload indica-

tors. These additional indicators and their sources are listed in

Appendix A which also shows the data base format. A magnetic tape with

all data was delivered to AF!MPM on 6 December 1979.

There were three reasons for GRC's additional data collection

activities:

* Several primary principal functional indicators were not

collected by AFMEA, but were available. Where possible,

GRC sought to duplicate the primary iadi:ators used in its

development of the FY77 equations.

* Additional descriptive indicators were sought. GRC wished

to expand the indicator data base to include additional

indicators that may not be the best functional predictors,

but would enhance the model's descriptive capabilities.
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Some limited analysis of workload variability was sought.

Complete annualization of data was not possible, but some

duplication of the data collected by AFMEA permitted some

assessment on the variability introduced by using monthly

rather than annual data.

There were several findings with respect to the data collection

effort.

First, the workload indicators of principal interest for model

development were all available. Most indicators were comparable with

data from FY77. There were minor changes in accounting and finance data

and some detailed supply item record data, but otherwise definitions

remained the same.

Complete annualization of data is not possible due to the manual

nature of the data collection process. Many workload indicators, such

as supply and vehicle data, are maintained in base-level detail for only

a limited time. It is essential that workload data be collected regu-

larly in a timely fashion for developing annualized data. Also, the

manual data extraction, data entry, and data validation procedures would

be prohibitively time consuming for monthly indicator data. Comparabil-

ity of manpower and non-annualized workload data was achieved by matching

end FY78 manpower with September 1978 workload data wherever possible.

Where annual data were available, principally for accounting and

finance indicators, there were two findings. Indicators that primarily

measured population quantities (leave and pay accounts civilian pay

records) showed very little monthly variation. Indicators that measured

transactional data such as travel transactions and transactions audited

showed monthly workload fluctuations on the order of 10%. Therefore,

transactional data variability could be reduced by smoothing workload

over a period of months.
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2.2 DATA ANALYSIS

A variety of data analysis efforts was accomplished as part of

model development. The principal findings are summarized in this section.

The manpower and workload changes between FY77 and FY78 are de-

scribed in Appendix B. Manpower levels again declined for SAC and TAC,

while ATC increased slightly with the addition of Maxwell AFB. TAC

experienced a 15.6% decline in BOS manpower.

Manpower changes by function varied considerably across commands.

SAC manpower declined in all functions. TAC manpower also declined in

all functions, but most dramatically in maintenance of installation

equipment. ATC manpower exhibited no consistent pattern of increase or

decline.

The only anomaly that significantly affected model coefficients

was the change in total population supported. Total population supported

increased considerably for both SAC and TAC, while it declined substan-

tially for ATC. The indicator definition (from the Domestic Base Factor

Report) did not change between FY77 and FY78, but the substantial indi-

cator variations indicate command reporting procedures may have changed.

Many workload indicators were again found to be highly correlated

with functional manpower for FY78. For those indicators comparable to

FY77 indicators, 24 out of 61 had higher correlations in FY78. However,

most correlation changes were relatively small, and similar patterns of

significance were obtained. The results are detailed in Appendix C.

The FY77 production functions were recreated for FY78. The re-

sults are described in Appendix D. Of the 20 equations, 19 proved to

be significant (R statistics), with only SAC bachelor housing operations

providing a poor fit; and 26 out of 31 workload indicators were signifi-

cant (t statistic).
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The FYU7 equations had higher R2 values than FY78 in 16 out of 20

cases. This probably indicates a selection bias in favor of the FY77

equations. The indicators that predicted the best for FY77 do not neces-

sarily fit the best for FY78. Also, multicollinearity declined in FY78.

The workload indicators increased in significance (t statistic) in 14

out of 31 cases, despite 3enerally lower overall equation accuracy (R
2

statistid).

Workload coefficients generally declined between FY77 and FY78.

Only 7 out of 28 directly comparable indicators showed a coefficient

increase. Out of 20 equations, 15 showed an increase in the constant

or fixed manpower term. The implications of these findings on manpower

productivity are further discussed under validation.

The development of the FY78 production functions is also described

in Appendix D. Four criteria were used in the development of the FY78

manpower/workload equations:

* A high degree of correlation, fit, and explanatory signifi-

cance.

* Comparability to FY77 results.

0 Inclusion of different types of measures.

• A relationship to other workload indicators.

Indicators were selected that had a significant correlation with

manpower. Where multiple indicators were present in the same equation,

all were required to have a significant independent relationship with

manpower (t statistic).

However, statistical significance was not the only standard for

developing equations. Where two similar workload indicators were avail-

able, the one comparable to the FY77 indicator was used. This facilitated

comparison of production functions with the previous year.
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An effort was made to include different types of workload in

multiple regressions. For example, in SAC an equation was developed

that used vehicles and mileage, rather than simply one or more vehicle

indicators. Expansion of the variety of indicators permits the model

to have impact in many different areas.

Final consideration was given to the workload indicator's relation-

ship to other workload indicators. The model described in Section 3

requires relationships between workload indicators to achieve balanced

workload changes. Preference was therefore given to indicators that

could be shown to be interrelated.

For other base services; morale, welfare and recreation; and other

persornel support, the same workload indicators were used as in FY'7.

For other base services, this was total population supported. For

morale, welfare and recreation, the indicator was military population

for SAC and TAC. ATC used military population and student population

as multiple morale, welfare and recreation workload indicators. In

other personnel support, all three commands used total population

supported and weighted rations served as the variable workload indi-

cators. SAC was again found to require a separate additive manpower fac-

tor for missile bases.

The administration and bachelor housing operation indicators were

changed somewhat from FY77. Administration again used base population

and travel transactions as the principal indicators. However, in FY77

travel transactions was estimated as a proportion of total transactions

due to colinearity problems with base population. In FY78, the inter-

correlation of travel transactions and base population had lessened so

that the travel transactions coefficient could be estimated directly

rather than as a proportion. For bachelor housing, the square feet of

dormitory space proved to be a better overall indicator than visiting

officer quarters had been in FY77.
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New workload indicators were used in the retail supply operations

area. There are many different workload indicators available in the

supply area. They tend to be highly interrelated, and the selection of

the best indicators for a particular year depends to a degree on the vari-

ability present in a given year's data. Supply transactions were selected

for ATC, supply item records and aviation fuel consumption for SAC, and

total transactions processed for TAC.

For maintenance of installation equipment, the SAC coefficients

were generally similar to FY77. SAC used a combination of military

vehicle types with total vehicle mileage. ATC proved to have a signifi-

cant estimator in FY78, total number of vehicles. In FY77, it was not

possible to estimate an indicator due to underreporting of contract man-

power. Contract manpower reporting has improved, but still appears to

be underreported for several ATC bases. TAC indicators included air-

craft tractors and equipment transactions.

Workload interrelationship analysis was also a major analysis

activity in the development of GEBOS. The use of workload interrela-

tionships in the model is discussed in Section 3. The detailed findings

of the workload interrelationship analysis are presented in Appendix E.

2-6



SECTION 3

THE GEBOS MODEL

The major effort under this researTh contract has been the full

development of a generalized explanatory base operating support (GEBOS)

model. This model integrates the results of analyses that have been

performed on aggregate BOS workload indicators into a unified system

that permits the user to quickly estimate the impact of a large number

of manpower or workload changes. The current GEBOS model allows the

user to:

* Specify manpower changes to one or more commands (for the

three test commands).

0 Change either manpower or workload for a command.

* Combine manpower changes with base openings and closings.

0 Determine the workload impact of specific manpower distribu-

tions.

0 Specify only aggregate manpower changes with distribution

of changes determined by the model.

0 Specify changes to selected functional categories with the

impact on other functions and workload determined by the

model.

0 Determine the BOS requirements and functional distribution

for a change in mission population.

* Compute the manpower impact of changes in primary workload

indicators.

* Determine the military/civilian distribution of manpower

changes in BOS.

0 Determine the impact of manpower and workload changes on a

large number of additional descriptive indicators.

In addition to performing all these different types of computa-

tions fur the user, GRC has developed a flexible and sophisticated
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computation and display system that can readily be adapted to all Air

Force commands, permits a large variety of display and computational

changes, and can be modified to include mission impacts in the future.

3.1 MODEL DESIGN

As indicated in Section 1.3.2, the current GEBOS model design was

based on a prototype developed as a product of earlier research on

aggregate BOS workload indicators. The prototype was conceived as an

explanatory model which would permit the "impacting" of BOS manpower

changes in terms of reduced or increased support workload capabilities.

It was (and still is) envisioned that in its explanatory mode of opera-

tion, the GEBOS model would give the Air Staff a capability to:

* Define the estimated impact of Five Year Defense Program

(FYDP) BOS changed by OSD-established functional categories.

0 Justify BOS requirements to OSD, OMB, and the Congress in

terms of functional workload capabilities.

* Support appeals of arbitrary BOS reductions through quanti-

tative statements of workload (mission support) capability

reductions.

3.1.1 The Prototype Model

The original prototype model, developed in early 1979, made use of

the aggregate workload indicators identified during previous research

performed by GRC. Aggregate workload indicators are meant to be repre-

sentative of the kinds of work performed in a particular functional cate-

gory. They provide an example of the types of impacts that would be

produced by changing manpower given the manpower productivity reflected

in data used for their development. They do not describe all of the

work performed by a BOS functional category nor do they describe how

command and base managers might alter BOS manpower production functions

so as to minimize impact on primary mission activities.
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3.1.2 Prototype Model Capabilities

Figure 3.1 lists the equations that comprised the SAC version o,7

the prototype model. In this example the equations are listed in terms

of command manpower requirements. Similar sets of equations were devel-

oped for ATC and TAC. The actual model worked with total command manpower

and workload.

The first seven equations defined the workload capabilities for the

seven OSD functional categories. Equations 8 and 9 defined interrelation-

ships between various manpower and workload indicators. Base population,

for example, was correlated with both total population supported (base

population and dependents) and military population (base population minus

civilians) through aggregate command factors. Thus, a change in base

population determined changes in all three population-related indicators.

The prototype model performed three basic calculations:

0 The workload indicator impact of changing manpower in one

function.

* The workload indicator impact of changing BOS manpower in

all functions by a specified amount.

0 The manpower savings produced by closing a base.

The prototype model had a number of features and characteristics

that made it a useful descriptive tool.

* It accounted for the interrelationships among population-

related indicators. If a change in administration (ADM)

manpower changed base population, other base services (OBS),

other personnel support (OPS), and morale, welfare and

recreation (MWR) reflected this change.

0 It allowed the user to specify manpower changes in terms of

either an absolute number of spaces, a percent of functional

manpower or a percent of total BOS manpower.
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COMMAND

SAC EQUATIONS

GADM = 234 + .05(G71) + .0084(G72) (1)

GRSO = 1537 + .00156(G73) + .0020(G74) (2)

GMIE = -394 + .152(G39) + .014(G40) (3)

GOBS = 2965 + .0143(G17) (4)

GMWR - 600 + .0033(G12) (5)

GOPS - 748 + .0016(G17) + .0023(G42) + 72.4(G44) (6)

GBHO - 298 + .022(G81) (7)

G71 - G17/2.69 (8)

G71 = G12/.842 (9)

where:

GADM is Administration manpower G73 is supply transactions

GRSO is Retail Supply manpower G74 is inventory item records

GMIE is Maintenance of Installation G39 is total vehicle inventory
Equipment manpower G40 is mileage

GOBS is Other Base Services manpower G17 is population supported

GMWR is Morale, Welfare, and including dependents
Recreation manpower G12 is military population

GOPS is Other Personnel Services 042 is rations served
manpower

G44 is the number of missile
GEHO is Bachelor Housing manpower bases
G71 is base population G81 is visiting officer quarters

G72 is travel transactions

Figure 3.1. GEBOS Equations for SAC Prototype Model
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It allowed the user to initiate changes to an individual

function or to spread changes across all functions by equal

proportions.

It allowed the user to accumulate manpower changes or return

to the FY77 end strength baseline after each model iteration.

* It automatically computed the manpower saving3 for a base

closure from the equation intercepts.

3.1.3 Prototype Model Limitations

The options and methodologies used in the prototype GEBOS as

described had a number of limitations.

* The prototype model was driven only by manpower. It lacked

a suitable basis for distributing (by functional category)

manpower changes associated with a given workload change.

* Only two options were available to change manpower. The

user could change total manpower or manpower in one function.

If the user desired to change more than one function, he/she

was required to perform several iterations of the model. This

made it difflcult to evaluate changes in terms of the original

baseline since the model computed changes from a new baseline

after each iteration.

" The model did not produce an answer that was always consistent

across all functions when all functions were changed by equal

proportions. This was because only one equation was used to

determine base population. There was likely to be more man-

power than necessary in several functions, because their man-

power exceeded what was required for the new base population

figure.

0 Similarly, it was probably not a realistic option to reach a

total reduction by changing all functions by the same percent-

age. Functions are operating at different relative efficien-

cies. Some may produce relatively more for an increase in

manpower, while others may be less sensitive to reductions.
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* Descriptive capability was limited to only seven non-popula-

tion primary workload indicators.

* Base closures (or openings) could not be treated in combina-

tion with other potential changes.

0 The prototype model only took into account the interrelation-

ships between population variables. Interrelationships also

exist between other workload indicators.

3.1.4 Workload Interrelationships

The GEBOS workload equations are derived through multivariate

regression analysis. The workload measures in the prototype model were

selected on criteria of explanatory power. The combination of indicators

used in the prototype model provided the best estimate of what functional

manpower requirements should be.

The multiple regression equations in the prototype'GEBOS model had

limitations that required resolution before they could be used effectively

for a command explanatory model. The workload measures in particular

equations were assumed to be independent of one another. An increase in

one workload indicator left the other indicator unaffected. 'Stepwise

regression analysis selects workload indicators based on their independent

explanatory capability. If a variable is highly correlated with a work-

load indicator already present in the equation, it would not be added to

the model, since it would not improve the estimate of functional manpower

requirements.

Despite statistical results, BOS workload indicators cannot be

assumed to be independent of one another in the "real world." Relation-

ships do exist between workload indicators and must be taken into account

before GEBOS cpn illustrate workload impacts properly.

An example of the interrelationships can be seen in the OPS func-

tional category. If the number of missile bases is assumed to be constant,

equation 6 can be rewritten:
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GOPS - 1395 + .0010(GI7) + .0020(G42) (10)

The equation permits the model user to select any combination of the

two workload measures, provided the total manpower authorization restriction

is not exceeded. For FY78, the equation would allow up to 662,500 rations

to be served a month, if no population were supported, or support a total

command population, including dependents, of 1,325,000 if no rations were

served. However, neither of these alternatives is rational.

Clearly, total independence of workload factors is unrealistic. As

population changes, so must the number of rations served for some part of

the total population supported will contribute to the rations served work-

load. Additional relationships between workload indicators were, there-

fore, required for the model.

One way to modify the model 1i to explicitly analyze workload indi-

cators that are hypothesized as being related and include the additional

relationships between rations served (G42), total population supported

(G17), and base population (G71):

G42 = 308,055 + 1.128(G71) (11)

G17 - 3.14(G71) (12)

Rations served are related to base population. Base population

and total population supported are also highly correlated. Therefore,

using the substitutions derived from equations 10 through 12, rations

served can be related to total population supported:

G42 = 308,055 + .3592(G17) (13)

Inclusion of the interrelationships between rations served and total

population supported in the current GEBOS model assures that the proportions

of workload contributed by rations served and total population supported
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agree with the initial proportion. As functional manpower changes the

proportion of rations served to total population also changes, as defined

by equation 12. Additional bounds can be placed on this proportion, such

as restricting it to values greater than .302, the lowest value observed

among bases in the SAC data set. These additional restrictions assure

that workload factors remain within a feasible operating range.

Some examples of areas where additional workload interrelationships

were found include supply workload measures and base population, supply

indicators and aviation fuel consumption, vehicle requirements and mili-

tary population, square feet of dormitory space and military pcpulation,

and administration transaction data and base population. All potential

intercorrelations between workload indicators were investigated, and

those found significant are included in the current model. These rela-

tionships are described in Appendix E. Existing workload interrelation-

ships for base population, military population, and total population sup-

ported remain as part of the model.

3.1.5 Inclusion of Additional Workload Indicators

The prototype model contained a single workload equation for each

function. While these equations provided a high degree of explanatory

power for estimating manpower authorizations, they were limited in

descriptive power. Many additional workload indicators were also highly

correlated with manpower authorizations but were excluded from final

production function equations because they were highly correlated with

indicators already selected for the functional equations and contributed

little additional explanatory power. However, including the additional

indicators in some way would be useful for describing the different effects

of changing manpower requirements.

One way to include additional workload indicators is to derive

multiple equations for a function. For example, base population (G71),

travel transactions (G72), materiel and services transactions (G55),

and BOS budget (G31) were all highly correlated with administration man-

power. A ser of equations describing manpower from these workload indi-

catos is:
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GADM = 1,468 + 0.347(G71) + .00959(G72) (14)

GADM = 2,515 + .0357(G55) (15)

GADM = -1,640 + 9.85(G31) (16)

G72 = -18,389 + .3034(G17) (17)

Administration is now described by three equations and four workload

indicators. The additional equation linking travel transactions to a

function of total population supported completes the ivterrelationships

among all the administration workload indicators. The same administra-

tion manpower has four different workload quantities identified with it.

In developing the current GEBOS model, additional statistical analy-

sis established the appropriate equation forms for a function. These can

be found in Appendix D. Combinations of indicators in a single equation

are used where such combinations improve the significance of a regression

(in terms of R 2 , F statistics), and each workload indicator has a signifi-

cant individual coefficient (in terms of t-test statistics, F statistics).

Meaningful indicators not selected for use in primary production functions

are used in an additional set of explanatory eauations.

3.1.6 Linear Programming Applications

The current model has the capability to derive the workload impact

of a variety of manpower changes. Users may wish to evaluate the impact

of total manpower changes or changes to individual functions. The model

requires a versatile solution methodology that can solve a large number

of interrelationships in a consistent and realistic fashion.

The manpower change capabilities required by the model include:

* The allocation of a change in total BOS manpower among the

seven functional categories and calculation of the associated

workload change.
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* The workload impact of specific manpower changes in all func-

tions, or in selected functions combined with a total BOS

manpower change.

" The impact on the manpower and workload in all functions given

a manpower change to one or more functions.

Clearly, the problem of distributing general manpower changes among

functions and determining interrelated manpower and workload changes re-

quires some technical sophistication. It is not realistic to change all

manpower functions or workload indicators by the same proportion. The

manpower/workload equations illustrate that different manpower distribu-

tions are likely since functions are operating with different levels of

variable manpower. Similarly, it is unrealistic to expect all workload

indicators to change by the same proportion. This fact was illustrated

by the changes to the descriptive indicators for administration in equa-

tions 14 through 17. A 10% change in administration manpower produced

different changes in base population support capability, BOS budget,

travel transactions, and materiel/services transactions.

The approach used for deriving a manpower distribution in the cur-

rent GEBOS model is to treat the manpower/workload relationships as a

linear programming problem. The first task is to determine an objective

function for the linear programming model. Since the model in this case

will operate from manpower inputs, the objective function must be stated

in terms of workload. The user can evaluate workload changes in terms of

existing workload performed. If manpower increases, the user would want

workload to increase as much as possible. Similarly, for manpower de-

creases, workload decreases should be as small as possible. Both of

these conditions can be met by a workload maximization function.

The objective function of the manpower workload maximization prob-

lem takes on the form:

n
Max Z = WiX (18)
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Thus, the objective of the model is to maximize some combination of the

n workload indicators. The manpower feasibility constraints are given

by the functional workload equations. Additional constraints are supplied

by other workload interrelationships, and restrictions on workload ranges

and coefficients.

An example of how this problem is set up is provided by the SAC

equations and the additional constraining relationships. The SAC man-

power optimization equation system is given in Figure 3.2. The equations

in Figure 3.2 describe the most general optimization problem, where total

BOS manpower is the binding resource constraint.

Equation 19 is the objective function of the linear programming

model. In this case, the objective is to maximize a weighted combination

of workload indicators. The workload indicator weights determine the

relative importance of different workload capabiiities. The derivation

of these weights is discussed shortly. There are four types of con-

straints on manpower and workload. Equations 20 through 26 identify the

primary manpower/workload indicator capability constraints. These in-

equalities determine the minimum manpower requirements for given work-

load levels. Equations 27 through 36 describe workload interrelation-

ships. These include both equations that relate different workload

indicators, such as equations 27 through 35, and minimum value constraints

on indicators, such as the support-on-support equation (36). Equation 37

defines the total BOS manpower availability constrairt. Implicit in the

linear programming routine are non-negativity constraints on manpower

and workload values. These conditions assure that all manpower and work-

load levels remain zero or greater.

The first model input is the workload weights in the objective

function. The workload weights serve two purposes:

0 Converting different workload units to a common scale.

0 Determining the relative importance of different types of

workload.
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The workload indicators in the objective function were weighted

according to the relative manpower cost associated with each unit of out-

put. Thus, the objective function for SAC became:

Max Z = .0347(Base Population) + .00959(Total (38)

Travel Transactions) + .00297(Supply Item

Records) + .00936(Aviation Fuel) +

.27(Military Vehicles) + .8614(Total

Annual Mileage) + .0131(Total Population

Supported) + .0052(Square Feet of Dormitory

Space) + .0031(Military Population) +

.002(Weighted Rations Served)

This weighting scheme achieved the first purpose of the objective

function in that it scales all workload values relative to their manpower

costs. Using the marginal manpower coefficients for objective function

weights places the same relative value on all workload indicators. In-

creasing the workload in travel transactions or vehicles maintained by

the same percentage would contribute the same amount to the objective

function.

The objective function presently used in GEBOS is an artificial

construct. The workload interrelationship equations have constrained

the optimization process so that a balanced mix of workload change occurs

with any increase or decrease in workload capacity. Without workload

interrelationships, the optimization function would select the workload

indicator with the greatest relative weight and increase it as much as

possible, ignoring all other workload indicators. ln order to have

balanced changes in workload indicators, it is necessary to have at least

as many workload interrelationship constraints as the number of workload

indicators minus one. The equality relationships between workload indi-

cators assures that the FY78 workload mix will be reproduced for any

specification of the FY78 manpower.
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In future developmental work, some equalities can be replaced by

series of inequalities that allow workload indicator mixes to vary over

specified ranges; this will permit the objective functions, which can

be weighted to reflect user priorities for various workload types, to

influence the distribution of changes.

The objective function presently used in GEBOS does have an economic

interpretation. The objective function value Z is proportional to the

aggregate "productive" manpower. What is meant by productive manpower is

the variable manpower associated with producing workload, rather than

fixed manpower requirements or excess functional manpower (slack).

The production functions equations (20 through 26) are stated with

the functional manpower values as variables. The 3pecification of func-

tional manpower values as variables permits the simultaneous computation

of support-on-support relationships and workload interrelationships. When

manpower variables are used, the impact of such interrelationships can be

taken into account in the computations.

Equations are stated so that the manpower and workload variables

are set equal to the manpower constant term. Slack variables permit the

specification of functional manpower greater than required to perform

the specified workload levels. Figure 3.3 illustrates the form of the

production function equations when manpower values are specified. The

functional manpower is added to the constant term in each equation, with

the result th&t the new constant in each equation is the variable man-

power. The total BOS manpower control equation is not used when all

functions have been specified.

The slack variables S1 through S7 are likely to be non-zero for

specific distributions. When a manpower distribution is not specified,

the optimization procedure eliminates the slack manpower. With a spe-

cific manpower distribution, slack manpower will be minimized, but non-

zero values will occur if the manpower mix specified differs at all from

the optimal distribution.

3-14



r4 01 Hn %T LM

0

C144

r-44

00 0

I,, C-.

a C) Q
Un

H Hn

0 W

+ -H

Wa 0.
rI 00l C i

01 0~41$
m 0 0

r-4 H* %40

-4 0 00 4

0) r-H VH 0%0
> 1 w ~ LM 0i

H V4 r. 11 %0 441

E4 Cu + Cl)4

C- -I + H

o a% 4.1 (d + C
E~ 0 0 - ~0. I

-0 E4 0z Cn)-

Ln IT 4.4 % C4) w0
0% + H 4 w. . 4.1

o o0 0 + w4
o ' 00 0.l 4.1 0

0 W~~. l Cf,

1 ) 0 0 0 C (D00 W 0 H 44 H- 0w
-H H 44 0 z H-

v ca 0. 41

> ~ 00u
0 1-4 0 .

0. q 0 a$ ~ 0
o . w% -Li4

m. S ca ca S -H 4
CA 4.1 4.1 : H- Co
Cu Cl) H 0 0* H 4.

CO H, E-4 cl) 0

m~ 0 !- -I 0 0 0

3-15



The methodology used for specifying a manpower distribution can

also be used to specify manpower changes for one to six functions, with

a total BOS manpower restriction. For example, an increase of 100 spaces

in administration combined with a total BOS increase of 400 spaces would

change equations 20 and 37 as follows:

.0347(Base Population) + .00959(Total Travel (46)

Transactions) + S1 = 5,681

RSO +MIE + OBS +MWR+ BHO + OPS = 22,156 (47)

Equation 46 is exactly the same as in the set for the complete

distribution. Equation 47 contains the modified binding constraint on

total BOS manpower. Administration manpower no longer is part of the

Lotal manpower constraint and the administration variable no longer enters

as one of the manpower variables in the constraint.

Other combinations of total manpower and specific functional man-

power are handled in a similar fashion. When manpower is specified for

a function, that manpower value is no longer computed by the model and

the functional value is also removed from total BOS manpower. The model

computes the workload for the specified functions, as well as all other

functions, and functional slack manpower, if any exists, from the speci-

fied partial distribution.

The third manpower option is the computation of the impact of a

change in functional manpower in one or more functions with no overall

manpower change specified. For example, the user may wish to reduce

retail supply operations manpower by 100 spaces. In this procedure, the

model computes the manpower and workload reductions in other functions

that would be associated with such a reduction in supply.

To perform this computation, changes are made to one equation and

the objective function. First, the binding constraint on total manpower

is modified by the addition of a slack variable so that it becomes:
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ADM + RSO +MIE + OBS +MWR+ OPS + BHO + S I Total BOS
9 Manpower

The creation of an artificial slack variable permits the model to

use less than the total manpower available to satisfy workload require-

ments. For the example where supply manpower is reduced, the total man-

power constraint becomes:

Total
ADM + MIE + OBS +MWR+ OPS + BHO + S9 =Manpower (48)

Outside Supply

One additional change is made to assure the model properly computes

the impact of the supply manpower reduction. Since slack functional man-

power is counted in tae total BOS manpower constraint, any slack manpower

created by the supply reduction should be allocated to S9. the total man-

power slack variable. Otherwise, functional slack manpower would appear

as part of the total manpower requirements. The use of S9 permits the

model to use less than the maximum BOS manpower, since S9 acquires any

unneeded manpower created in the other six functions by the reduction

to supply manpower. To assure that any nonproductive manpower produced

by the supply reduction is taken up by the slack variable, S9 has a

small positive weight placed on it. The objective function becomes:

Z = .0347(Base Population) + .00959(Total Travel (49)

Transactions) + .00297(Supply Item Records) +

.00936(Aviation Fuel) + .27(Military Vehicles) +

.8614(Total Annual Mileage) + .0131(Total

Population Supported) + .0052(Square Feet of

Dormitory Space) + .0031(Military Population) +

.002(Weighted Rations Served) + .001(S9)

Placing an arbitrary positive weight, greater than zero but less than the

workload weights, assures that any manpower reductions lead to a reduc-

tion in total BOS manpower.
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The impact of a specific functional increase is computed in the

same manner. The only difference is that the total BOS manpower con-

straint is increased by an arbitrary value larger than any expected man-

power increase. The computation procedures are otherwise the same.

3.1.7 Base Opening Costs

An additional manpower option in the current GEBOS model is the

computation of the impact of base openings and closings. Base openings

and closings change the BOS production function by altering the fixed

functional manpower. For example, the addition of a base to SAC will

increase the fixed manpower requirement in selected functions.

An estimate of the impact of base opeaing costs was derived from

AFR 173-10, USAF Cost and Planning Factors. Based on the typical base

opening package requirements, the base opening costs in the BOS program

element by function would be:

" Retail Supply Operations - 165 spaces

* Other Base Services - 193 spaces

* Other Personnel Services - 78 spaces

The base opening package BOS requirements are distributed by organ-

izational unit rather than the OSD functional categories. Therefore, it

was not possible to accurately distribute the base opening package by

function. Thus, the base opening package manpower was allocated to its

three principal functions. A discussion of an alternative distribution

scheme is provided in the discussion on validation.

The impact of a base closing is computed by its impact on fixed

function manpower. The closing of a SAC base would change the retail

supply operations, other base services, and other personnel support

functions equations accordingly:

-RSO + .00297(Supply Item Records) + .00936(Aviation (50)

Fuel) + S2 a -4,254
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-OBS + .0121(Total Population Supported) + S -2,637 (51)4

-OPS + .001(Total Population Supported) + (52)

.002(Weighted Rations Served) + S7 = -1,317

By closing a base, the fixed manpower is decreased by the amounts

specified. When no change in total manpower is made in equation 37, the

total manpower constraint, then the total productive manpower capability

is increased by the base opening manpower (i.e., scale economies are

realized).

3.1.8 Manipulating Workload

Two options are provided for manipulating workload.

Figure 3.4 illustrates the form of the equations for the workload

model. The general form of the equations is the same as in the manpower

model, but with three changes.

First, the objective function has been changed to one of minimizing

manpower. The workload level is specified, so the objective function has

become one of minimizing the manpower needed to perform the required

workload.

What was previously the binding constraint on BOS manpower has

become the objective function in this form of the model. The new bind-

ing constraint in the workload model, equation 70, is now stated in

terms of the mission manpower support-on-support equation. Mission man-

power is defined as base population minus BOS manpower. This constraint

sets the bound on manpower that keeps the objective function from driving

the manpower levels to zero.

The production functions have been changed by the removal of slack

variables. They are not required for solution of the workload and man-

power levels since manpower values are determined directly from workload
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values in the production functions. Therefore, slack variables umeces-

sarily add to the complexity of the computation.

The workload interrelationship equations remain the same as in

the manpower change mode. The model receives as input the mission popu-

lation that requires BOS support. All other workload levels are derived

from the mission population level.

The second workload option relaxes most of the BOS workload inter-

relationships and allows the user to specify values of mission population,

travel transactions, supply transactions, aviation fuel consumption, mili-

tary vehicles maintained, mileage, and rations served. The workload level

for these indicators remains unchanged unless the user specifies a change

to these indicators. Base population, military, population, total popu-

lation supported, and dormitory space are computed by the model based

upon the mission population input.

Only the workload relationships between base population and total

population (equation 61), base population and military population (equa-

tion 62), and military population and dormitory space (equation 66) are

used in the optimization model. All other workload values are determined

by user input.

This option permits the user to change the mix of workload from

the distribution computed from the use of all workload interrelation-

ships. This option permits the computation of manpower requirements

when the user has knowledge that particular workload interrelationships

are no longer valid.

3.2 MODEL OPERATION

The linear programming methodology described in the previous sec-

tion has been integrated into an interactive computer program that allows

Air Staff personnel to instantly determine the impact of manpower reduc-

tions, justify qaiintitatively the need for BOS manpower, and program BOS

requirements.
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This section:

* Describes the program options available to the user.

* Illustrates several representative examples.

* Discusses potential uses of the model output.

3.2.1 Model Options

Figure 3.5 illustrates in flow chart form the various options

available to the user on the GEBOS model.

The user first decides the number of commands to be changed on the

particular model run. If more than one command is selected for modifica-

tion on a particular run, the user can only change total BOS manpower.

The total change in BOS manpower is allocated by changing the selected

commands by the same percentage.

When the user selects only one command for modification, a wider

range of user options is available. First, the user decides whether

changes will be made in terms of workload or manpower. When workload is

selected for change, the user first makes a change to mission population.

If no other workload indicators are changed, the model computes all the

workload changes based upon the mission population change. If other

workload indicators are to be changed, the user must specify the indica-

tors to be changed and the percent change.

When the user decides to manipulate BOS manpower, the first input

is concerned with total BOS manpower. The total BOS manpower change can

either be specified as an absolute number of manpower spaces, as a per-

centage of total BOS manpower, or not specified by the user.

If a total change in BOS manpower is not specified, one or more

functional manpower changes must be specified. The user can select from

among three methods to make functional manpower changes:
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* The absolute number of people

* Percent of functional manpower

* Percent of BOS manpower

Once the user has determined which method will be used for making changes,

the functions to be changed and the amount of change are entered.

When a total change in BOS manpower is specified, the user first

enters the change in total BOS manpower, either in terms of percent or

total BOS manpower, or total BOS manpower spaces.

Once the user has specified total BOS manpower, the user enters

the number of functions to be changed. If the user specifies changes to

zero functions, the model computes the functional distribution of man-

power changes. If specific manpower changes are specified for function,

the model distributes manpower according to the user's specifications.

Functional changes are entered either as absolute numbers of manpower

spaces, percent of functional manpower, percent of total BOS manpower,

or percent of the total BOS change.

Under the manpower option, once the functional changes have been

entered, the user has the option of opening or closing bases. The user

enters a positive number of bases for increasing the number of bases and

a negative number for closing bases.

After all user inputs have been supplied in the manpower and work-

load options, the display option is selected. The user can display total

BOS manpower only, or display additionally the military/civilian breakout

of BOS. The model then prints the manpower and workload display.

After the model display is printed, the user has three options.

The user can terminate model computation, return to the start of the

model, or accumulate the changes to the model values just created.
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3.2.2 Examples of GEBOS Model Runs

The following four sample outputs provide examples of the major

GEBOS options.

Figure 3.6 illustrates an example of a specified set of manpower

changes. In this case, the user specified a 10% total manpower increase

by changing all seven functions by 10%. Thus, all functions shared

equally in the manpower increase.

The model displays the results of the 10% change in manpower and

workload. The manpower changes are listed first. The FY78 SAC manpower

is listed by function in the first column, followed by the manpower change,

the new functional manpower totals, and the percent change.

The second table lists the slack manpower by function. The slack

manpower values indicate where the model has identified more manpower

present in a function than necessary for performing the workload levels.

This display indicates that increasing all functions equally is not a

particularly effective way to manage resources. Only administration is

making full use of the additional spaces, and the 790 spaces in retail

supply operations were 402 more than were needed. In total, 33.3% of

the 2,890.5 space increase was allocated suboptimally.

The output/workload display illustrates how various command capa-

bilities will change, based upon the manpower increase. The indicators

are grouped accor-iing to six major categories, and FY78 workload levels,

the workload change, the new resultant workload capability, and percentage

change are listed.

The percentage changes in workload indicators vary considerably.

This is due to different sensitivities of change. For example, travel

transactions processed was found to be relatively elastic, changing 14.4%,

while BOS budget contains a large fixed portion, changing only 6.4%.
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RIP FORCE BASE OPEPATING SUPPORT
AGGREGATE WOaPLOAD INDICATOR MODEL

ENTER COMMANDS , =ATCa=SRCPF-TPC):
a

ENTER CHANGE OPTION (I-MANPO.EP, 2=1.OPX LOAD):
I

ENTER TYPE OF CHANGE :PEC. IU=ABSOLUTEo2-PERCENT.3=NO OVEPALL CHANGE :PEC.):

ENTER PERCENT CHPNGE:
10

ENTER THE NUMBER- F FUNCTIONS FOR W.HIC+ CHANGES 'ILL BE -PECIFIED:
7

ENTER METHOD BY WHICH FUNCTION CHANGES 'WILL BE :PECIFIED AS FOLLOW-:
I1-BSOLUTE NUMBEP OF PEOPLE
2=PEPCENT OF FUNCTION MANPOWEP
3*PERCENT OF BOS MANPOWEP
4=PERCENT OF T1TL CHANCE

METHOD:

ENTER FUNCTIONS AND RSOCITED CHANGES -ONE FUNCTION PER LINE.-
'SING THE FOLLOWING NUMBEPS TO DENOTE FUNCTIONS:

I=ADM!NISTPRTION
==PETAIL :UPPLY OPEPATIONS

3=1MAINTEHRACE OF INSTRLLATION EOUIPMENT
4=OTHER BASE 'EPVICES
5r'1OPA-LE 'IELFAPE PEr.PRTION
i=OTHEP PEPONNEL 3UPPOPT

7=BRCHELOP HOL CING OPERATIONS

FUNCTION CHANGE:
1y 11)
FUNCTION.CHANGE:

FIPNCTION.CHANGE:
3 10)
FUNCT I ON- *CHANGE:
4.10
FUNCTION -CHANGE:
5.10
FUNCTION. CHRNGE:
6.10Q
FUrCT I ON CHANGE:

- 1

Figure 3.6. Example of a 10% Increase to All Functions for SAC
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1: THERE A CHAN4GE IN THE NUM'EEP OF EAS~E,- *I=YET.a=4O>:-

ENTER PPINT OPTION AS FOLLOWIS:
I-DISPLAY MILITPPCIVILIA4 EPEAKOUT
aDIPLAY TOTAL MANPObiEP ONLY

ORINT OPTION IS:

3TPRTEGIC RIP COMmPND

PUNCTIONAL MANPObIEP TOTAL,

CUNCTION FY8 CHANG3E PE:ULTANT PERCENT
MANPO.IER MANPOWER ':HRNGE

ADMINISTRATION 7047.4 7 C, 4. 7 77752. 1 10. 01.
PETRIL ZUPPL*( OPEPRTIGNS 7S98.6 789'. 1 - :-, . 4 11). 00:
MAINTENANCE OF INSTTLLSTION EC-LIIPMENT 2179. 0 Z17.,? 2 3 S 6. 9 10.00
OTHER BASE --EPVICES 7818.7 -. t, S6 00. T 103.00
MORALE MdELFiFE v. RECREATION ?.)3. ") : o0.. a 33 1 o. o o
OTHER PERSONNEL :UPPOPT 2719.6 27E.cl 291. io.0o
BACHELOR HOUS'ING OPERATIONS 33S.'s 213 372.7 1'0c0

TOTAL 289~05.0) 'EaBer.5 317'?5.5 i'0.01)

MANPOdER ILACX VAPIPBLE7

FUNCTION :LACR

rADMINISTRATION 0
PETRIL :UPPLY OPERATIONS40190
MAINTENANCE OF INZTALLATION EOUIPMENT .. 5
OTHER BAE.E :ERYICE: 116
-MORALE tIELFARE "PECRTI~r43461
OT4EP -Er--ONNEL ;UPPORT 47* 4
BACHELOR HOU:lrNG OPEFATIC I~,.:

Figure 3.6 (Continued)
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OUTPUT' wORK LORD

WORKLORD INDICATOR F778 CHANGE -EZULTANT PEPCENT
INDICATOR INDICATOR CHANGE

ADMINISTRATION INDICATOP:
TRAVEL TRANSACTIONS FPOCESCED 106638.6 15315.9 122014.5 14.4
BOS BUDGET 2.1, 56.6 938.6 6.4
TRANSACTIONS AUDITED 610585.? 61200.5 671886.- 10.0

LEAVE AND PAY ACCOUNTS 130513.5 15980.2 146493. S 1.2
CIVILIAN PAY RECORDS 21533.4 Z636.6 24170.0 1.c
MATERIAL 0 SERVICES TPRNSACTIONS 17837.7 2266.3 20104.5 12.7

DOPULRTION INDICATOPS:
TOTAL POPULATION SUPPOPTEDCINCL DEP- 412286.2 50430.8 46P767.0 12.2
BASE POPULATION 131301.3 16076.7 147378.0 12.2
BOS POPULATION 28905.0 2890.5 31795.5 10.0
MILITARY POPULATION 111606.1 13665.2 125271.3 12.2
STUDENTS 0. 0. 0. 0.
MISSION POPULATION 102396.3 13186.2 115512.5 12.9

UPPLY INDICATORS:
TOTAL TRANSACTIONS 2841963.0 244575.1 S186543.1 12.1

SUPPLY TRANSACTIONS 2317056.5 280932.1 2597988.6 12.1
REQUICITIONS 141245.8 17125.4 158371.2 12.1
EQUIPMENT TPANSACTIONS 254924.5 30908.4 285832.9 12.1
RECEIPTS 128741.2 15609.3 144350.4 12.1

TOTAL INVENTORY ITEM RECORDS 1084507.3 119700.9 1204-208..3 11.0
SUPPLY ITEM RECORDS 921729.9 101734.6 1023464.5 11.0
EOUIPMENT ITEM RECORDS 162777.5 17966.3 180l743.8 11.0

AVIATION FUEL CONSUMPTION 79276.9 9160.4 38437.3 11.6

.MRINT OF INSTA EOUIP INDICATOPS:
TOTAL MILEAGE 379.9 ?0.8 910.7 3.5
TOTAL VEHICLE EQUIVALENTS 33197.9 1842.4 15040.3 5.5
TOTAL VEHICLES 14600.0 810.3 15410.3 5.5

rILITAPY VEHICLE: 4655.6 258.4 4914.0 5.5
AIRCRAFT TPACTOP: 320.8 17.8 338.6 5.5
SPECIAL HANDLING 4334. 240.6 4575.4 T.5

NON-MILITARY yEHICLE: 3944.4 551. 1 0496.3 5.!
ENEPRAL PURPO:E AUTO 1220.7 67.7 1288.5 5.5

ALL PURPOSE TRUCKS 8722.7 444.1 9207.9 5.5

BACHELOP HOUHNG INDICATOPS:
:0 FT DOPM SPACE 3395.0 612.2 10007.2 6.5
DORM BEDn 4A272.5 4896.2 53168.7 Ii.!

OTHER EPCr NEL :URPOPT:
WEIGHTED RATION: :EF :ED 45i162.' 1? 11.5 474S7.4 4.)

ENTER ITERATION OPTION F7 ;:OLLO;c,,:
I-ACCUMULATE CHrNGE: 2=EEGIN NEW, .'CLE * 3=:T'F
ITEPRATION OPTION=

Figure 3.6 (Continued)
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Figure 3.7 illustrates the model's calculations for a 10% manpower

increase and one base opening. The base opening is entered by responding

yes to the base opening option and entering a "+l," indicating one base

is to be opened.

The display in Figure 3.7 indicates a different manpower distribu-

tion from the previous example. More manpower has been allocated to

administration and other base services, while retail supply operations,

maintenance of installation equipment, and morale, welfare and recreation

received smaller changes. Slack manpower is zero for all functions in

this example since the model was able to allocate all manpower in a pro-

ductive fashion.

The workload display in Figure 3.7 shows a larger increase in all

workload indicators, compared to Figure 3.6. A representative key work-

load indicator is mission population. In this example, mission population

support capability increased by 16.3%, compared to 12.9% in the previous

example.

Figure 3.8 illustrates a sample output of the workload change op-

tion. In this case, the user made an increase of 21,179 mission popu-

lation spaces and changed no other workload indicators. This entry

produced a 10% increase in total manpower.

The manpower changes are similar to those in Figure 3.7, with

administration increasing the most. The workload increases are consider-

ably greater, however, than with the base opening. Mission population

supported increased by 20.7%, compared to 16.3% when a base opening

occurred.

Figure 3.9 illustrates an example of the workload option where all

primary workload indicators are changed for TAC. In addition to mission

population, these included travel transactions, total supply transactions,

equipment transactions, aircraft tractors, dormitory space, and weighted

rations served. The values used corresponded to the actual FY77-FY78
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AIR FORCE BASE OPEPATING ZUPPORT

AGGREGATE WORKLOAD INDICATOR MODEL

ENTEP COMMANDS J -RTC,.-AC. B-TAC:

ENTER CHANGE OPTION 1=MANPOWIER.a2_=zORKLCAD":
I

ENTER TYPE OF CHANGE ZPEC. (1-=BSOLUTE ,=PERCENT.3=NO OVERALL CHAN4GE SPEC.,:

ENTER PERCENT CHANGE:

ENTER THE NUMBER OF FUNCTIONS FOP WHICH ClHANCES WILL BE SPECIFIED:

1: THERE A CHANGE IN THE NUMBER OF BASES , I=ESo-2NO>.
I
ENTER NUMBER OF BASES TO BE OPENED+, OR CLOSED'-:

ENTER PRINT OPTION AS FOLLOWS:
I-DIPLAY MILITAPY.CIVILIPti BREAKOUT
a2DISPLAY TOTRL MANPOWER ONLY

PPINT OPTION IS:

STRATEGIC PIP COMMAND

FUNCTIONAL MANPOIER -TOTAL.-

PUNCTION FY7. CHANGE PESULTANT PEFCENT
MANRIPOhER MAPROPWER C:HINIASE

ADMINTITPATION 7047.4 S60. 0 7?0;.4 1 .
FETAIL -.UPPLY OPEPATIONS T.S98.6 A71.2 :3571 o. :-- ,
MAINTENCE OF INSTALLPTION EQUIPMENT a1T9.0 117.S aa6..S 5.41
OTHER BPZE :EPVICES 7i.' - '.7 913.4 :7E.: II.6.5
MOFALE MELFARE '" PECFEPTIOC 1)0S.0 51.7 S154. 7 3.7;T2
OTHER PEPSONNEL 'UPPOPT 21 .6 T7. 299?.5 10. )T

PACHELOP HOU71G OPEPTION: ::. .5 B39. .15

TOTAIL 5 i 1795,s.s

Figure 3.7. Example of a 10% Manpower Increase with a Base Opening
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MANPOWER SLACK VARIABLES

FUNCTION SLACK

RDMINISTRATION 0.
PETAIL SUPPLY OPERATIONS 0.
MRINTENAICE OF INSTALLATION EOUIPMENT 0.
OTHER BASE SERVICES 0.
MORALE WELFARE P RECREATION 0.
OTHER PERSONNEL SUPPORT 0.

BACHELOR HOUSING OPERATIONS 0.

OUTPUT/h-ORK LOAD

,IOPKLOAD INDICATOR FY?78 CHANGE PESULTANT PEPCENT
INDICATOR INDICATOR :hNAGE

ADMINISTRATION INDICATORS:
TPRAVEL TRANSACTIONS PPOCEISED 106698.6 186s9.8 I5388.4 17.5
POS BUDGET Sa. 0 69.1 51.0 7.S
TRANSACTIONS AUDITED 610585.9 74*04.a 685390. 1 12.3

LEAVE. AND PAY ACCOUNT- 130513.5 ,?:500.5 150014.0 14.,?
CIVILIAN PAY PECO RDi 1533.4 3i .4 Z470.3 14.'
MATERIAL . -ERVICES TANSPCTIOIW 17837.7 2766.2 a Z06) .9 is.s

POPULATION INDICATCR:
TOTAL POPULATION SUPPOPTEDIIL DEP' 41a2e6.2 61601.a 47387. 3 14.?
BASE POPULATION 131301.3 I I.2 150919.5 14.?
305 POPULATION 83905. ) 890.5 31795.5 ,).:0
MILITARY POPULATION I116 6.I 1 16675.5 128 81.6 14.?
:TUDENT: 0. ). '. ,.
MIS3ION POPULATION 102396.3 167 7.7 11914.0 16.

:UPPLY INDICATOR?:
TOTAL TPANSACTION 284196S.0 4 0491.7 3 4 459.7 14'. :

:UPPLY TFANSACTIONS 375. 4663 5'8. 14.
REQUIITION! 141 45.8 :896.4 16 14,. a , 14.
EQUIPMENT TPRNACTIOr 25494.5 3771".1 a64a.6 1..
RECEIPTS 128741.2 1904.3 147789.4 14..

TOTAL INVENTORY ITEM PECOPD 1084507.3 14607,4 IES .So. 7
SUPPLY ITEM PECOPD! 9 2179.9 I 414:.7 1045ST..6 1-..
EOUIPMENT ITEM PECOFD3 162777.! 1? 4.7 184702.2 L.

AVIATION FUEL CN:CUMPTIOrI 7M 76.? 11166.0 'i44 .? 14.:

Figure 3.7 (Continued)
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MAINT OF INSTA EQUIP INDICATORS:
TOTAL MILEAGE 8.79. 37. -17.6 4.3
TOTAL VEHICLE EQUIVALENT? 33197.9 2254.1 35452.0 6.8
TOTAL VEHICLES 14600.0 ?91.3 15591.4 P. 3

MILITARY VEHICLES 4655.6 316.1 4971.7 6.3
AIRCRAFT TRACTORS 320.8 21.8 334..6 6.3
SPECIAL HANDLING 4334.9 294.3 4629.a 6.8

NON-MILITARY VEHICLES 9944.4 675.2 10619.6 6..-
GENERAL PURPOSE AUTO 1220.7 81.9 1303.6 6.8
ALL PURPOSE TRUCKS 8723.7 592.3 9316.0" 6.8

BACHELOR HOUSING INDICATORS:
3Q FT DORM SPACE 9395.0 747.1 1014 .0 .3.0
DORM BEDS 48272.5 5974.8 54247.3 12.4

OTHER PERSONNEL SUPPORT:
WEIGHTED RATIONS SERVED 456162.9 22129.s 478292.a 4.

THE CHANGE ACHIEVED BY OPENING I BRSE,3) I 436

ENTER ITERATION OPTION AS FOLLOWS:
I=ACCUMULRTE CHANGES,2=BEGIN NEI" C'eCLEp=:,TGP
ITERATION OPTION-

Figure 3.7 (Continued)
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RIP FORCE BASE OPEPATING SUPPORT
AGG3REGATE '4O0PICLOAsD INDICATOP MODEL

ENTER COMMANDS t1=RTCa=TAC*3=rAC):

ENTEP CHANG'E OPTION (1=MANPObIEP~a-'dOPKLOPD):

ENTER CHA4FNGE IN MI=ZION POPUJLATION -OP ZERO TO PETRIN CLIPPENT VRLIE):

EtITER THE NUMBER OF IJOP LAORD INDICAT0P'- FOP WdHICH CHANGE: WILL BE :PECIFIED.:

ENTEP PRINT OPTION AS FOLLOWS~:
t1oDUPLAY MILITRPY/CIVILIAN BREAI'OUT
2-DI:PLAY TOTAL MANPOW1ER ONLY

PPINT OPTION IS:

TPATEGIC 74IP C:OMMAND

FUNCTIONAL MANPOWEP - TOTAL,-

PUrNCT 101 F778 CHANGE RE:ULTAN4T PcPCENT
MANPOWER MANPOWER CHANGE

ZSTAIL :IPPLY OPEPATTOK 7$9~8.6 ",0.~ 34-7?. 1 7.B
.11AINTENANIE OF II4rTALLi;TION EIUIPMENT 21:41 144. ~ 6. ^- 1!
CTHEP BRTLE :EPRYE. 7 $!S7.5 a 11.7 0
MOPALE I.ELFAFE v, PECPERTION S03 0 L3. 4 .024
OTwEP PEPTO~t4EL :UPOT Z '.A 129.' Z 4 1 4.7A
BACH)ELCP O~:N FEFRTIG14T a..,:$ ?41.0) .64

TOTAL ES,?5. 1) 31795.5 11). ':I

Figure 3.8. Example of a Mission M&inpower Increase for SAC
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MANPOWER -LACK VAPIABLE3

FUNCTION 2LRCK

ADMINICTRTION 0.
RETAIL SUPPLY OPEPRTION' 0.
MRINTENANCE OF INSTALL.ATION EQUIPMENT 0.
OTHER BASE SERVICES 0.
MNRALE mJELFARPE & PECREATION 0.
OTHER PERSONNEL SUPPORT 0.
BACHELOR HOUSING OPERATIONS 0.

OUTPUT 1WOPkLORD

140RKLORD INDICATOR FY78 CHANGE REZULTANT FERCENT
INDICATOR INDICATOR CHANGE

ADMINISTRATION INDICATORS:
TRAVEL TPRNSPCTIONS PROCES:ED 106698.6 229?0.6 a9629._3 a1.5
BOS BUDGET 88. $. 966.7 9.6
TRANSACTIONS AUDITED 610585.9 91777.8 T0)363.7 15.0
LEAVE AND PAY ACCOUNTS 130513.5 23925.3 154438.8 18.3
CIVILIAN PRY PECORDS a1533.4 3947.4 25480.8 18.3
MATEPIAL & :ERVICES TRANSACTIONS 17837.7 3$93.3 E1231.5 19.0

POPUL9TION INDICATORS:
TOTAL POPULATION VPPOPTEDkINCL DEP 4t1266.2 7557S.9 487865.0 I.!
DASE POPULATION 131301.3 . 155i71.0 18.3
?0 POPULATION 28905.0 a390.5 31795.5 10.0
MILITARY POPULATIOr! 111606.1 20459.3 1P1065.4 18.3
:TUDENTS 0. 0. 0. 0.
MISSION POPULATION 102396.3 a117.2 123575.5 a0.7

'UPPLY INDICATOP:
TOTAL TRANSACTIONS 2841968.0 515915.7 32788S.7 113.2

3UPPLY TRANSACTIONS a317056.5 4206a6.0 27376aZ.6 18.2
PEQUISITIONS 141245.S Q5641.0 16686.8 Is.a
EQUIPMENT TRANRCTIONS 254924.5 46a27.6 215120:z.a 1.a
RECEIPTS 1aST41.2 E?371.0 1,5211 E.i IS.1

TOTAL INVENTORY ITEM CECORD: 1084507.3 172 .4 1 E 9.; 1 .7
:UPPLY ITEM PECOPD- 921729.9 . IOT4052o. 16.F

EQUIPMENT ITEM RECOPD: 16a777.5 E690'). 189677.6 16.5
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Figure 3.8 (Continued)
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workload changes used in the validation exercises and described in detail

in Appendix H.

I6 Figure 3.9 the workload indicator changes show a mixture of

increases and decreases, depending on the values specified. Travel trans-

actions and equipment transactions increased, while mission population

and supply transactions decreased. Since the major indicators declined,

there was a net decrease in BOS manpower.

3.2.3 Potential Applications

The flexibility of the GEBOS model design will enable it to be used

for a variety of manpower planning tasks once its results have been vali-

dated. The following examples illustrate some of the principal immediate

uses of the model.

Determining the Impact of Manpower Reductions

One of the immediate uses of the model could be to determine how

to allocate manpower reductions by functions, and what the workload

impact could be. Table 3.1 illustrates how the model would allocate a

10% total BOS reduction by function.

TABLE 3.1

MANPOWER REDUCTIONS BY FUNCTION
(Based on a 10% Total BOS Reduction)

Function ATC SAC TAC

Administration 10.2% 15.0% 16.1%

Retail Supply Operations 7.0 7.4 8.3

Maintenance of Installation Equipment 10.7 6.7 5.9

Other Base Services 10.4 11.7 6.9

Morale, Welfare and Recreation 7.7 7.0 4.0

Other Personnel Support 13.0 4.8 9.7

Bachelor Housing Operations 8.4 0.6 12.3

Total 10.0 10.0 10.0
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Both SAC and TAC would reduce administration manpower the most,

while reducing retail supply operations and maintenance of installation

equipment less than 10%. In ATC, retail supply operations would receive

the smallest percentage reduction, while most other major functions would

receive reductions on the order of 10%.

Table 3.2 shows the workload impact on six key workload indicators.

In all three commands, the mission population supported is highly sensi-

tive to BOS reductions. Other workload indicatcr changes are more vari-

able, with SAC reducing supply transactions more and total vehicles less

then the other two commands.

TABLE 3.2

REDUCTIONS IN KEY WORKLOAD INDICATORS
(Based on a 10% Total BOS Reduction)

Workload Indicator ATC SAC TAC

Mission Population 14.2% 20.7% 20.5%

Travel Transactions 12.9 21.5 17.1

Supply Transactions 8.3 18.2 11.9

Total Vehicles 11.8 8.3 14.9

Weighted Rations Served 12.0 6.0 10.4

Square Feet of Dormitory Space 13.7 9.8 14.3

Includes students for ATC.

GEBOS thus produces a variety of useful information for impacting

unspecified manpower reductions. First, the best way to take a cut is

not to distribute manpower reductions equally to all functions. Adminis-

tration would receive a larger reduction, and retail supply operations a

smaller share. Secondly, any manpower reductions are going to signifi-

cantly reduce capability to support mission population, given the current

production function.
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These results can provide manpower planners with additional infor-

mation on how to allocate manpower reductions within commands. However,

validation of all model equations is necessary in order to assure the

results are accurate. This includes validation of both the manpower pro-

duction functions, which determine the workload capabilities of different

functions, and the workload interrelationship equations, which determine

the changes in the workload mix for different output levels.

Justification of Manpower by Functional Grouping

GEBOS greatly enhances capabilities in terms of describing the man-

power requirements for BOS functional groupings. For example, SAC work-

load can presently be described in terms of 32 different functional work-

load indicators, rather than in terms of a few specific population

variables. Supply manpower includes detailed accounts of the transac-

tions, inventory, and fuel consumption workload impacts that would result

from changing functional manpower.

Manpower requirements justification also requires validation before

model results can be utilized fully. Such a validation could be accom-

plished separately through detailed application of Air Force functional

manpower standards or as part of a more thorough model validation exer-

cise. The merits of different validation procedures are discussed more

fully in the following section.

Manpower Programming

The current model permits aggregate manpower programming through

the workload portion of the model. For example, Figure 3.8 shows the

BOS requirements and principal workload impacts of a mission manpower

change of 21,179 spaces. The model can be used in its current form as

a replacement for current BOS manpower programming factors. GEBOS can

provide additional detail on manpower requirements by function, and can

provide more explanatory power regarding a variety of major workload changes.

Figure 3.9 illustrates how GEBOS can be used for more sophisticated

manpower planning exercises. In this case, the manpower planner can
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supply the model with additional descriptive information on changes in

supplies, equipment, administrative transactional data, and other impor-

tant indicators on the workload change. When such additional information

is available, the model can forecast manpower requirements with greater

precision.

The current model form can provide aggregate planning information,

but only with several limitations. The manpower production equations and

workload interrelationships require validation. This is a necessary step

in making the model reliable. But such aggregate planning equations will

still lack the required level of detail to be totally effective as a

programming tool. In order to accurately program manpower changes, the

model will require additional analysis on the workload relationships with

primary mission characteristics. -Manpower requirements and other work-

load requirements must be developed so that they relate to primary air-

craft authorizations and operational mission requirements. The develop-

ment of the mission-BOS link is discussed in more detail in Section 4.

3.3 VALIDATION

Four principal approaches were identified for determining model

validity:

* Internal verification of computational methodology using

existing data.

* Validation through application of historical data.

* Validation through comparison with direct application of

standards and guides.

Validation through comparison with standards/guide application

resulting from programmed mission (force structure) changes.

Internal verification of the computational methodology has been

completed; given either FY78 manpower authorizations or workload indi-

cators, the model accurately replicates all the workload and manpower

data used for derivation of the equations. The internal verification

results are given in Appendix H.
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The results of the external validation exercises are now discussed.

3.3.1 Historical Validation

Once internal verification had been achieved, the model's predictive

capability was tested against FY77 data. This was done through a number

of exercises.

* Running FY77 total BOS manpower with the FY78 production

functions.

* Running FY77 BOS functional distribution with the FY78 pro-

duction functions.

* Running FY77 mission population with the FY78 production

functions.

* Running FY77 workload indicators with the FY78 production

functions.

* Running FY78 total BOS manpower with the FY77 production

functions.

0 Running FY78 workload indicators with the FY77 production

functions.

The detailed discussion of the results of these exercises can be

found in Appendix H. The following general results were obtained:

" The FY77 and FY78 production functions allocate manpower in

similar fashions. However, neither could accurately predict

how changes would occur.

* The FY77 manpower with the FY78 production functions over-

estimated workload indicators for SAC and TAC and produced

mixed results for ATC.

* The FY78 manpower with the FY77 production functions tended

to underestimate workload.

* The FY77 workload with the FY78 production functions under-

estimated manpower for SAC and TAC and overestimated for ATC.
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0 The FY78 workload in the FY77 production functions overesti-

mated FY78 manpower for SAC and TAC and underestimated manpower

for ATC.

In general, historical data proved to be an unreliable validation

technique. Substantial changes occurred between the two periods that

could not be predicted by the model.

Manpower changed considerably between the two years, most notably for

TAC. TAC experienced a total BOS reduction of 15.6%, without undergoing

substantial mission changes. Also, the distribution of manpower changes

by function, particularly for ATC and TAC, follows patterns that could

not be explained by empirical analysis. These results are in agreement

with earlier analysis of BOS functional distribution changes that detected

no pattern in functional changes from year to year.

Workload changes from year to year also showed considerable vari-

ability. Total population supported increased considerably for SAC and

TAC, while declining for ATC. Transactional data for supply and account-

ing and finance showed some large fluctuations as well. Since many indi-

cators have only been collected for two time periods, it is difficult to

determine the degree of variability they possess. Mission population

indicators, on the other hand, exhibited little variation despite the

BOS changes.

The biggest changes between the two years occurred in the produc-

tion functions. Workload coefficients declined in 22 out of 31 cases

between FY77 and FY78. Aggregate manpower productivity increased for

TAC and SAC, and declined slightly for ATC. Manpower reductions are the

most significant factor in determining productivity changes. For example,

TAC experienced a 15.6% manpower reduction, and manpower required to

satisfy workload levels declined 19% over FY77. Thus, many workload

indicator levels are insensitive to manpower changes.
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In general, historical changes cannot be predicted accurately be-

tween years. Production function changes, manpower reductions, manpower

redistributions, and workload fluctuations occur which cannot be explained

by the model. Additional data collection over time will eliminate some

spurious variability, but regular update of regression coefficients will

be a necessary part of the model maintenance.

3.3.2 Validation Through Standards Application

An exercise was undertaken to explore whether model coefficients

are in agreement with results from standards applications and guides.

The SAC retail supply operations function was analyzed to determine

whether the same workload changes when applied to both the model and the

guides would produce the same manpower changes.

The results are described in detail in Appendix I. The aggregate

production function and the detailed standards equation are in general

agreement on the manpower change. The same workload indicator levels

that produce a 10% manpower change in the model will produce a change

through the standards of from 11.4% to 12.4%. Also, there are several

sources of bias or approximation that once removed are likely to lessen

the difference. Thus, in the one case where standards application was

undertaken, the GEBOS production function was found to be generally in

agreement with standards.

The standards validation exercise has shown:

* The GEBOS production functions can be validated against man-

power standards. GEBOS workload indicators can be made com-

patible with standard equations.

* The process of standards validation would z- prohibitively

time consuming if done regularly. For retail supply opera-

tions alone, there were 50 detailed equations that required

estimation. Complete validation would require regular data

collection of all detailed standard workload factors, appli-

cation of both increments and decrements to several bases in
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a command, and determination of the detailed manpower changes

by military/civilian breakout for proper application of

rounding rules.

0 Detailed standards application can only validate specific

production functions. Standards cannot determine how changes

in mission will change the mix of workload. Standards cannot

estimate how mission will impact on workload across functions.

3.3.3 Validation Through Programmed Force Structure Changes

The fourth and most reliable validation method is to compare the

impact of programmed force structure changes on command manpower files

with results from GEBOS when full mission modeling capability is achieved.

The present GEBOS model, when operated in a mission population

change mode, can produce the BOS manpower requirements for a change in

mission population. These are compared to the current aggregate BOS

planning factors in Table 3.3.

TABLE 3.3

COMPARISON OF BOS PROGRAMMING FACTOR

GEBOS Air Force
BOS Change as a Percent BOS Change as a Percent of

Command of Mission Manpower* Primary Program Element Manpower

ATC 12.3 8.0

SAC 13.6 15.0

TAC 12.0 15.0

Includes real property maintenance, medical, and tenant units.

The GEBOS mission manpower factors are not strictly comparable to

Air Force planning factors. GEBOS mission population includes real

property maintenance and medical services, which are excluded from the

Air Force factors, and uses base population figures which include a

variety of tenant units. If adjustments are made for these conditions,

the model factors would be much closer to the planning factors.
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GEBOS production equation intercepts also produce an estimate of

the base opening package. The typical base opening package manpower in

the BOS area is 436 spaces. GEBOS production function intercepts total

to 234 for ATC, 414 for SAC, and 406 for TAC. When support-on-support

is taken into account, these base opening figures become 263 for ATC,

469 for SAC, and 455 for TAC. Considering that base opening factors are

beyond the range of observed data for the three commands, the figures

compare favorably with the official factors.

These comparisons with planning factors are all in terms of typi-

cal or average force changes. In order to completely validate GEBOS and

enhance its usefulness as a programming tool, specific force changes must

be analyzed. The type of analysis described in Section 4 must be com-

pleted for all commands and principal mission capabilities. At that

point, the model's results can be tested and calibrated against actual

manp.ower authorization changes.
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SECTION 4

BASE OPERATING SUPPORT/MISSION RELATIONSHIPS

This section addresses GRC's exploration of GEBOS model extension

to include mission impacts. It describes the need for the additional

model developments and outlines the concept and potential bf.nefits to

be derived from full mission/BOS capability. A discussion of the analy-

sis of mission relationships, the design of a prototype mission model,

and recommendations for further model development follow.

4.1 NEED FOR ANALYSIS OF MISSION RELATIONSHIPS

At present, the GEBOS model has limited capability for use as a

predictive model for manpower programming and, in its explanatory (man-

power change) mode, can only provide statements of workload indicator

change impacts rather than direct mission impacts.

Figure 4.1 is a conceptual display of the GEBOS model BOS/mission

extension. BOS manpower requirements are based on peacetime BOS workload.

One reason for this is that in wartime the extended work week will in-

crease available manpower by approximately 68%. Also, many BOS workload

factors are population- rather than usage-related. For these reasons,

there is an implicit assumption that peacetime BOS manpower for a given

installation will support its wartime workload (to include deployment

commitments). Thus, the key activity in determining the relationship

of BOS manpower and mission capability is the analysis of the impact of

peacetime mission demands on BOS workload.

Extension of model capabilities to address BOS workload-BOS peace-

time mission requirentents can make GEBOS a useful programming tool as

well as a oetter explanatory model. Model users can input various mis-

sion requirements in terws of aircraft by mission-design-series (M/D/S)

and a utilization rate. The M/D/S can then be used to generate various

fixed mission manpower and BOS (such as supply inventory requirements)

data and the programmed utilization rate, in such terms as flying hours,

sorties and/or alert lines, will generate additional activity-related
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supply requirements. These total requirements can then determine BOS

manpower requirements using production function and constraint relation-

ships similar to those of the existing model.

The final step in determining the impact of BOS changes is the

investigation of the relationship between peacetime mission capabilities

and wartime mission capabilities and objectives. Flying hours and peace-

time sortie requirements are necessary to maintain pilot and crew pro-

ficiency. These training requirements relate to ability to perform

wartime missions of various types. Wartime mission capabilities will

determine what mission objectives the crews can be expected to accom-

plish. It should then be possible to make quantified statements about

the impact of BOS changes on peacetime activity and force levels and

the relationship which these changes, in turn, have on wartime capabili-

ties.

The feasibility of extending the GEBOS model to provide a force

structure based programming capability was established in a prototype

mission (GEBOS-M) model demonstration to Air Staff members. This demon-

stration, although clearly establishing feasibility, suggests the need

for extensive additional research and analysis to fully develop a model

capable of fulfilling Air Staff needs. Additionally, further work is

required to develop the capability for use of GEBOS-M to display direct

mission (combat capabilities/readiness) impacts of BOS reductions.

4.2 DATA COLLECTION AND ANALYSIS

As part of the current research effort, GRC initiated the extension

of the GEBOS workload indicator model into mission impacts. The method-

ology for incorporating mission relationships was developed to take maxi-

mum advantage of the existing GEBOS model. Also, the methodology used

was designed to consider the ways the Air Force measures its mission.

The first activity with respect to the development of the model

was to investigate the Air Force's concepts of mission capability. GRC

previously presented to the Air Force a set of potential standards and
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measures in the paper "Measures of Mission Capability." A copy of this

paper is included in Appendix J. Some of the potential mission capability

measures identified are:

* Designed operational capability (DOC) statement

* Training sortie requirements

0 Unit capability measurement system (UCMS)

* Force status reports (FORSTAT)

* Operational readiness inspections (ORI)

* Management effectiveness inspections (MEI)

* Operational readiness rates

GRC's development of the BOS-mission relationship proceeded with

the investigation of peacetime BOS-mission relationships. This was the

logical fi-st step in the BOS extension to mission. As previously men-

tioned, BOS requirements are determined by peacetime mission requirements.

Also, peacetime mission activities would facilitate the empirical inves-

tigation of BOS workload.

Primary mission activity data were collected for selected bases

in TAC. The base-level data collected included:

* Aircraft inventories by M/D/S

0 flying hours by M/D/S and organization

* Sorties by M/D/S and organization

* Manpower by program element and organization

The data sources are identified in Appendix J.

These mission activity data serve three purposes in the analysis.

First, they quantify peacetime mission activity. The quantification of

peacetime mission measures permits the development of relationships with

GEBOS workload indicators. Also, measurable mission activity data, such

as flying hours and sorties, can be associated with mission capability

measures such as training sortie requirements.

4-4



For the prototype mission model, relationships were identified

between the mission activity measures and the workload indicators, In-

corporation of factors relating mission activity and workload indicators

would permit the computation of the impact of mission change on BOS.

Two preliminary relationships used in the GEBOS-M model are:

* Mission population and aircraft authorizations by M/D/S.

* Flying hours and supply workload indicators.

These preliminary factors supply the initial link between BOS workload

and mission activity. Other factors need to be developed for GEBOS-M to

achieve a more complete expression of BOS-mission relationships. Addi-

tional research into vehicle requirements and a more detailed analysis

of supply requirements should be conducted. Also, mission population

changes must be analyzed as to their military/civilian proportions and

other characteristics that could affect BOS workload requirements. De-

tailed mission-specific population support factors can replace the aggre-

gate factors used in the prototype GEBOS-M model to more accurately

reflect BOS requirements.

A preliminary set of mission-BOS factors was developed for the

F-111D in TAC. These factors were:

0 A mission population change of 50 spaces per aircraft

* 1306 gallons of aviation fuel per flying hour

* 33.43 supply transactions per flying hour

0 10.45 item records per flying hour

The derivation of these factors is shown in Appendix J. The F-111D fac-

tors are preliminary estimates. Supply transactions and inventory are

based on command average factors, rather than specific F-111D data. How-

ever, they provide reasonable approximations of how mission activity

affects base population and supply workload.
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4.3 PROTOTYPE MISSION MODEL

The prototype mission (GEBOS-M) model was developed by extension

of the GEBOS workload model (addressed in Section 3.1.8) where the user

is permitted to vary mission population and other p"imary capability

changes.

The prototype GEBO$-M model works from right to left according to

the paths described in Figure 4.1. The prototype model receives as input

mission requirements and develops BOS workload constraints from those

mission requirements. From this point, the computation is performed in

the same fashion as the previous workload model to derive BOS manpower

changes and descriptive workload indicators.

Figure 4.2 provides an example of the prototype GEBOS-M model out-

put. After the user selects the mission change option, the following

three parameters are supplied:

0 Type of aircraft

* Number of aircraft

* Flying hours

Aircraft type 1 represents the F-IIID. The user has decided to

add 18 F-lllDs with a total of 4320 flying hours (240 hours per air-

craft).

Once the mission data changes have been entered, the model computes

manpower and workload as described earlier in Section 3.1.8. The output/

workload section of Figure 4.2 illustrates how workload indicators would

change for this mission change. Various administration indicators such

as BOS budget, transactions audited, and leave and pay accounts reflect

changes produced by the base population change. Other indicators, such

as detailed supply transactions and inventory changes, reflect changes

produced by flying hours. Certain areas, such as vehicle indicators,

equipment transactions, dormitory space, and rations served, exhibited
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RAD TOTAL FLYING HOUR CHANGE:
1i 18.4320

ENTER PRINT OPTION AS FOLLOWS:
1=)ISPLAY MILITRY/CIVILIAN BREAI.OUT
2=DISPLAY TOTAL MANPOWER ONLY

PPINT OPTION IS:

TACTICAL AIP COMMAND

FUINCTIONAL MANPOWER jTOTAL,

FINCTIOrl F 78 'HANGE PESULTANT FEFCET
NIANPOWER ;IArIPOER CHAiNGE

ADMINISTPATIOM 510.0 4'3.$ 5a 2
FETAIL SUPPLY OPERATIONS 5208. 0 1SA.5 5.388, :.
MAINTENANCE OF INSTALLATION EQUIPMENT 1236.0 -, I'*. -.
OTHER BASE SERVICES '-2.. 1-. 44. .-..
MORALE WELFARE '. RECREATION 06.. .a
OTHER PEFSONNEL SUPPORT IS75.0 E.5 I. T -'7
BA1CHELOR HOUSING OPERATIONS -. ':?..

TOTAL 1:379I .1 Z51.? :'ar:. ? 1.,

Figure 4.2. Prototype GEBOS-M Example for TAC
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!ANPOWER SL.jCK 'VARIABLES

FUNCTION SLACK

ADM IIISTRATIOrN 0.
RETAIL SUPPLY OPERATIONS 0.
M I TENANCE OF INSTALLATION EQUIPMENT u.
OTHER BASE SERVICES 0.
,MOFRLE WELFARE & PECPERTION 0.
OTHER PERSONNEL SUPPORT U.
BACHELOR HOUSING OPERATIONS O.

OUTPUT.'WOP:LOAD

XPILORD INDICATOR F7i78 CHAINGE RESULTPNT PERCENT
INDICATOR 1ND!CATOP CHANGE

ADMINISTRATION INDICATORS:
TRAUEL TRANSACTIONS PROCESSED 84562.0 0. s4-6a.0 L,.
LOS BUDGET 569.9 a. ' 5 3' 3
TPArSACTIONS AUDITED 4E523. 1 29!8.2 -22 i 51.:! .7
LEAVE AND PAY ACCOUNTS 996t6. I170.8 00517,6 1."
C!'.'ILIAN PAY RECORDS 1.7'.-  l'6.0 15!54.a l. Z
MATERIAL ". SER.'ICES TPANSACTIONS 10'0. o 1.5 1 S-i99.9

POPULATION INDICATORS:
TOTAL POPULATION SUPPORTED INCL DEP) 368987. 0 4335.5 37S.12.5 ".a
SASE POPULATION 98039.0 1151.9 79190.9 l.a
SOS POPULATION !8791.0 .51.9 iO..
MILITARY POPULATION 54645.0 .5 :5P9.5 ..3:
IISSION POPULATION '9,48.0 '.900. 0 :3 0 14. A .-

'SJJPPL' INDICATORS:
TOTAL TRANSACTIONS 2883476.0 4"2 3.: 1:032899.8 5. 0

SUPPLY TPANSACTIONS 2396100.0 la9707.7 2!2!e07.7 5.z
REQUISITIONS 152659.0 :-'263.9 !6092.9 5o
EQUIPMENT TRANSACTIONS .205.5.0 0. 2J0525.o O.
RECEIPTS 119192. A 6"52.. : a6!4. ..L

TOTAL !NUENTORY ITEM RECORDS 929105.0 45137.4 97,:24:.4 1.$
SUPPLY ITEM RECORDS :12221.0 T9459.0 S516*0.0 a.9
EO.UIPMEhT ITEM PECORDS I 16,4. 0 56.-.4 2a62.a l.,?

AUIATION FUEL CONSUMPTION a529!.0 5642. a E o9s3. : .

r'AIrT OF INSTA EOUIP IIDICATORS:
7OTAL "EHICLES 1i-7. 0. .0 Q.

rILITARY "1EHICLES ':-'.0 0. "'a"• U.
AIRCRAFT TPACTORS 0 0. - Q.O 0.
SPECIAL HANDLING -07':.0 0. -O7'.0 .-lOl-MILITARY "IEHII:LES .65. 0. C6.5. .
"ENEPAL PURPOSE AUTO -S6. 0 0. -.6.0 0.
,ILL PUPPOSE TRUCKS a?9. 0. - ,:'9. 0.

Figure 4.2 (Continued)
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BACHELOR HOUSING INDICATORS:
S0 FT DOPH SPACE 6881.0 L. 6881.0 0.DOPM BEDS 321 38.0 Q. G2128.0 .

OTHER PERSONNEL SUPPORT:
WEIGHTEDl RATIONS SERU' 344877.0 0. 244877.0 0.

MISSION INDICATORS:
Ft 10 FLYING HOURS -.0 4 :320.0 $20.0 ***F1111) SORTIES -.0 176:3.5 :763.5

Figure 4.2 (Continued)

4-9



no changes. Further analysis is required to compute the necessary fac-

tors in these areas. One additional feature of the prototype GEBOS-M

model is that the workload indicator display has been expanded to por-

tray the change in flying hours and sorties flown by aircraft type.

The prototype model requires little modification to become a use-

ful programming'tool. Once other types of aircraft have been analyzed

as to their support requirements, manpower planners can use the model to

estimate BOS requirements for force structure changes. Rather than

relying on aggregate command BOS programming factors, once validated,

the model will compute BOS requirements generated by changes in force

structure by M/D/S and activity rate.

In addition to providing more accurate manpower programming capa-

bility, the prototype GEBOS-M model allows BOS requirements to be stated

in terms of mission. An increase in BOS manpower can be identified as

being required to support specific types of aircraft and flying hour

programs. Furthermore, the mission capability measures themselves can

be extended to show their relationship to a specific wartime role.

Figure 4.1 also illustrates this concept. Aircraft types and flying

hour programs can be connected to designed operational capability state-

ments for wartime readiness and sortie generation capability. The war-

time mission capabilities can be related directly to the Air Force's

achievement of its wartime mission. Completion of this link will greatly

enhance the justification of BOS requirements.

4.4 GEBOS-M CONCEPTUAL APPROACH

GRC has developed the following conceptual framework for the full

development of the GEBOS-M model. The concept is based on the current

linear programming structure which was developed fully in the current

GEBOS model.

The prototype GEBOS-M model illustrates the basic approach on how

peacetime mission changes can be related to BOS manpower requirements.
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However, to develop the full potential of the mission-BOS concept,

research is required in the following areas:

* Further analysis of ways peacetime mission activity impacts

BOS workload.

* Development of a methodology for relating BOS reductions to

a variety of peacetime mission impacts.

0 Exploration of the relationship of peacetime mission require-

ments to wartime mission capabilities and the ability to

achieve wartime mission objectives.

The first goal of analyzing the ways peacetime mission can be

related to BOS requirements can be achieved through an extension of the

demonstration or prototype GEBOS-M model. The objective function used

in the current GEBOS workload model, minimizing manpower requirements

necessary for the achievement of various workload levels can be used

for this purpose. Additionally, the workload constraints can be altered

to reflect peacetime mission capabilities rather than aggregate workload

constraints.

An example of this methodology was provided by the prototype GEBOS-M

model. Rather than deriving fuel consumption based on aggregate correla-

tions between retail supply operations manpower and aggregate supply

transactional data, specific relationships were derived between aircraft

by M/D/S and supply requirements. The fuel consumption constraint in the

prototype GEBOS-M model became:

Aviation Fuel Consumption - 45,291 + 1.306(F-llID Flying Hours)

This constraint can be extended to all aircraft in a command to become:

n
Aviation Fuel Consumption - b 0+ b iF
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where

b is the constant
0

n is the number of MID/S aircraft types in a command

b i is the fuel consumption rate for M/D/S type i

FH. is the number of flying hours for M/D/S type i
1

Similar relationships can be derived between other BOS workload

indicators and mission capability measures. Each M/D/S aircraft will

have a variety of factors to describe its mission manpower, fuel con-

sumption, supply transactions, vehicle requirements, and other support

requirements in a way that is directly compatible with the design of

GEBOS. Similar relationships can be established for missile units.

Extension of the GEBOS-M model so that direct mission impacts can

be derived from BOS manpower changes requires additional methodological

development. The mission/workload factors required to derive the BOS

impact of mission changes are necessary for this phase of model develop-

ment, but not sufficient by themselves to enable the selection of spe-

cific alternative mission capability changes. A generalized GEBOS-M

model of BOS impacts on peacetime mission capabilities should include:

* Establishment of a priority structure among different units

or M/D/S types to enable the model to determine the order in

which mission capabilities should be increased or decreased.

* Analysis of the relative value of different mission activity

levels such as sortie rates, flying hours, or readiness

factors.

0 Determination of the relative support costs of different

M/D/S aircraft and activity levels, either in terms of man-

power requirements or workload levels.

0 Development of alternative model operating modes, such as

changing the manpower/workload production functions as a

means of achieving manpower objectives.
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In a command, there are a number of mission reductions that would

yield the same manpower reduction in BOS. For example, TAC could reduce

its mission by X number of F-15s or Y number of F-4s and achieve the same

support reductions. Any further development of mission capability impacts

of BOS reductions requires a weighting structure on the importance of

different force structure elements and capabilities. Such a system might

be based on Air Force judgments as to relative mission rankings, such as

the unit priority system; alternatively, users could modify unit priorities

explicitly for specific purposes.

Analysis is also required to determine the relative sensitivity of

different levels of mission activity in relation to support reductions.

This analysis should take into account explicit, wartime capability require-

ments such as the DOC statements. The impact of reduced flying hours,

for example, should be related to the training flight requirements neces-

sary to maintain various degrees of mission capability as defined in the

DOC.

The BOS savings resulting from reductions in various mission ele-

ments can be derived in a number of ways from existing mission data.

Once the relationship of specific mission capability measures has been

completed, these mission capabilities can be evaluated using the GEBOS-M

model in the mode that estimates BOS changes. The BOS impacts produced

from the model would correspond to the types of manpower and workload

impacts produced by the prototype GEBOS-M model. The user can employ

the manpower or workload values derived from running the model to selec-

tively adjust unit priorities or mission capabilities as necessary.

The final development necessary to enable the GEBOS-M model to

estimate manpower/workload impacts is for the model operation to include

other impact options. For example, Air Force manpower managers might

severly limit other support activities rather than reduce flying hours

or sorties. Standards of living could be reduced or the workweek

extended rather than directing the impact toward primary mission capa-

bilities. These considerations can be taken into account by increasing
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available manhours in total BOS, or reducing selected model workload

coefficients. A 10% increase in BOS manhours can be encompassed by

increasing the total BOS manpower constraint by 10%. Productivity in-

creases can be addressed by allowing workload coefficients in the GEBOS-M

production equations to vary over specified ranges or by specified per-

centages. BOS reductions can be designed to downgrade mission capabili-

ties from fully mission capable to partially mission capable, selectively

reduce sortie generation rates and/or sortie length, and decrease reac-

tion time. Derivation of the alternatives for inclusion in GEBOS-M

would include analysis of official mobilization plans, survey of Air

Force personnel as to relative importance of factors, and/or judgmental

user inputs.

Once model capability has been extended so that the BOS changes can

be related to peacetime mission capability, the impact of peacetime mis-

sion capability on wartime capabilities and objectives can be derived.

The peacetime training requirements and capabilities can be related to

wartime missions. For example, DOC statements can be used to convert

loss of unit capabilities to loss of unit sortie generation, flying

hours, and types of mission. These quantified impacts of mission capa-

bilities can be related to wartime objectives under different scenarios.

The specific technical approach that best reflects the variety of

requirements for full mission capability will depend on both additional

research findings and specific user requirements. One approach would be

to enhance the current linear programming technique in GEBOS with addi-

tional features. For example, unit priorities could be included by a

module that specified the order in which unit capabilities would be

decremented. The model would reduce mission capabilities in order of

the priorities until various manpower and/or workload objectives are

achieved. The user could also modify priorities or objective function

weights if desired.
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Similarly, the linear programming problem could be modified to

include integer programming or goal programming tc.chniques. For example,

it is only reasonable to change manpower, M/D/S aircraft, or sorties by

integer units. Also, goal programming could provide a technique for in-

corporating several different mission objectives in the objective func-

tion. Rather than maximizing the mission objective function, goal pro-

gramming would seek to come as close as possible to a set of specified

objectives.

The final task of relating peacetime mission capabilities to war-

time mission capabilities and objectives could also be accomplished in

several ways. Wartime capabilities could be handled either as the objec-

tive function of an optimization model, or derived from peacetime mission

capabilities. It appears preferable at this time to make the transition

from peacetime to wartime as a separate phase apart from the basic model

computations. Separation of the exteasion to wartime capabilities would

allow users to separately assess the mission capability reductions as to

their reasonableness, and obviate security problems with GEBOS-M develop-

ment.
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SECTION 5

RECOMMENDATIONS

With regard to its research on BOS manpower, workload indicators,

and mission elements, GRC has expanded the Air Force's knowledge of BOS

relationships. Specific tools and methodologies have been developed that

will enable the Air Staff to obtain additional useful products based upon

GRC's research effort. There are two areas where additional effort will

enable the Air Force to fully utilize the current findings and obtain the

maximum benefit made possible by these innovative tools. These recommen-

dations center around extension of GEBOS to the entire Air Force, includ-

ing model validation, and further development of mission-BOS relationships.

5.1 EXTENSION OF GEBOS AIR FORCE-WIDE

The GEBOS model has been made fully operational for ATC, SAC, and

TAC. The reports and analyses that GEBOS is capable of producing docu-

ment the desirability of continuing with GEBOS by implementing the model

Air Force-wide. Based on GRC's research, the data elements, sources, and

data reporting requirements for Air Force-wide implementation have been

identified.

The following recommendations are made for completion of the model

within the framework established by GRC:

* Additional data on GRC-identified descriptive indicators

should be collected. AFMEA currently is collecting all

aggregate manpower data and many of the workload indicators

necessary for Air Force-wide nodel implementation. However,

the data collection effort should be augmented with addi-

tional descriptive indicators such as those descrioed in

Appendix A.

* Workload indicators, particularly transactional data, should

be regularly collected and updated. Regular quarterly or

monthly collection of many aggregate indicators will eliminate

biases caused by using only 1 month's data for estimating

workload.
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* Aggregate manpower/workload equations should be developed

annually. Manpower/workload relationships can change con-

siderably from year to year as productivity changes.

* Multivariate analysis should be accomplished to establish

workload indicator relationships for all commands. Such

interrelationships are necessary for the model to accurately

portray balanced resource changes. Also, development of

interrelationships for all commands will provide an update

of (and replace) aggregate BOS planning factors, sincs the

GEBOS model now permits production of BOS requirements as a

function of mission population changes.

* Model development should be extended to other functional

categories. Collection of manpower and workload data on

real property maintenance and medical services should con-

tinue. Additional analysis should be performed to develop

similar equations for these functional categories.

* The GEBOS model can be made operational either on an Air

Force computer or a commercial time sharing system.

Model validation will become an increasingly important requirement

once GEBOS has been implemented Air Force-wide. At that point, it will

be necessary to compare the model's manpower and workload projections

within an independent external source of estimation. Such validation

efforts will assure that the results from GEBOS are consistent with

other Air Force manpower estimating procedures.

Three principal validation techniques have been identified:

0 Historical validation

* Standards validation

* Mission change validation

Historical validation is done by running the model against either

manpower or workload data. Historical validation, as discussed in Appen-

dix H, indicates that regular update of model coefficients is necessary

5-2



as productivity changes occur from year to year. However, historical

validation is not sufficient to satisfactorily verify model coefficients.

The methodology for a standards application was set forth in Appen-

dix I. Basically, workload changes produced by GEBOS are priced out in

detail by work center. Total functional manpower changes in the model are

then compared to aggregate work center manpower changes. Any model dis-

crepancies can then be investigated and reconciled.

GRC undertook the validation of the retail supply operations func-

tional category for SAC and found the results very encouraging. The

model and standards estimates of manpower changes were within an accep-

table range, considering the various approximations and assumptions made.

Standards validation can be undertaken upon completion of the Air

Force-wide GEBOS model. However, there are some limitations on the use-

fulness of using standards for extensive Air Force-wide model validation.

First, the amount of data required for complete Air Force-wide

validation through standards would be considerable. One command required

application of 50 detailed standards to price-out one functional category.

Complete application of Air Force standards for all bases would require

many more standards involving many additional commands. Considerable

-idditional workload data beyond what are necessary for model development

would have to be collected or estimated. Several typical bases should

be priced out for each command for both manpower increments and decre-

ments. Such an Air Force-wide standards price-out would require exten-

sive data collection, data processing, and computation.

Another limitation on the applicability of work center standards

validation to GEBOS is that the work center standards do not describe

mission requirements. In order for GEBOS validation to be complete, a

determination must be made of how manpower changes will occur across all

functions simultaneously. This is accomplished in GEBOS through workload
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interrelationship factors. Standards do not address workload interrela-

tionships. Consequently, standards will provide no guidance as to how

much of a workload change would be required for supply indicators rela-

tive to administration indicators for any aggregate change in mission

capability.

For these reasons, standards are of limited use for complete GEBOS

validation. However, standards validation can prove useful to price out

selected functional categories. Such selected price outs could be desir-

able where there is a need to confirm estimates for particular workload

coefficients or where additional insights into manpower/workload rela-

tionships are desired.

The recommended validation approach is to withhold GEBOS validation

until the relationships between mission capabilities and BOS workload

indicators have been completed. Once the impact of specific force struc-

ture changes can be estimated through GEBOS-M, such impacts can be vali-

dated against recent historical force structure changes. Validation of

mission relationships would be more efficient in terms of data collection

and analysis and would provide more complete validation.

5.2 DEVELOPMENT OF FULL MISSION RELATIONSHIP

GRC demonstrated the prototype design of a GEBOS model that incor-

porates mission relationships in November 1979. It would be useful to

the Air Force to pursue additional research of GEBOS toward three goals:

* Full development of the relationships between mission capa-

bilities and BOS workload.

* Development of a method for estaolishing mission priorities

so that BOS reductions can be allocated across different

mission areas.

0 Extension of the impact of mission reductions from peacetime

to wartime capabilities.
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The general research requirements for further analysis in the

mission area are outlined in Section 4.4. The development of GEBOS-M

to achieve these three goals will provide AF/MPM with a way of accurately

programming BOS requirements associated with force mission changes, justi-

fication for BOS manpower in terms of mission impacts, and a general tool

and methodology for analyzing BOS/mission alternatives.
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DATA COLLECTION

The primary source of data for the following analyses was from

AFMEA/MEUR. Additionally, 21 other workload indicators were collected

by GRC from five additional sources. The FY78 manpower and workload

indicators, along with their sources, are listed in Table A.l.

Some of the sources provided data that were the same or similar

to data from other sources. For example:

* V09 is identical to V13.

* V22 is the same as V28, exctpt for being from a different

month.

* V23 is the same as V29, except for being from a different

month.

" V24 is a subset of V30, except it was collected during a

different month.

The data requests to AFMEA/MEUR; AFAFC/RM; AFDSC/LGSM; and SAC/

LGT, TAC/LGT, and ATC/LGT are provided in Annex 1 to this appendix.
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TABLE A.1

MANPOWER AND WORKLOAD VARIABLESa

Variable

Name Variable Label Format Record Columns

Vol Year F 2.0 1 2-3

V02 Command F 1.0 1 4-4

V03 Base F 6.0 1 6-11

V04 ADM-Administration Manpower F 6.0 1 13-18

V05 Total Base Officers F 6.0 1 20-25

V06 Total Base Airmen F 6.0 1 27-32

V07 Total Base Civilians F 6.0 1 34-39

V08 Total Contracts F 6.0 1 41-46

V09 Total Travel Transactions F 6.0 1 48-53

Vlo Transactions Auditedb  F 6.0 1 55-60

Vll Total Air Force Membersb F 6.0 1 62-67

V12 Civilian Pay Accountsb F 6.0 1 69-74

V13 Travel Transactions Processed F 6.0 1 76-81

V14 Commercial Service Transactions F 6.0 1 83-88
Processedb

V15 Materiel Accounc and Finance F 6.0 1 90-95
Workloadb

V16 BOS Budgetc F 6.0 1 97-102

V17 RSO-Retail Supply Operations F 6.0 1 104-109

V18 Distillates F 6.0 1 111-116

V19 Residuals F 6.0 1 118-123

V20 MO-Gas F 6.0 1 125-130

V21 Aviation Fuel F 6.0 1 132-137

V22 Supply Transactions F 6.0 1 139-144

V23 Equipment Transactions F 6.0 1 146-151

V24 Supply Item Records F 6.0 1 153-158

V25 Total Requisitionsd F 6.0 1 160-165

V26 Total Dollar Value-Thousandsd  F 6.0 1 167-172

V27 Total Receiptsd F 6.0 1 174-179

V28 Total Supply Transactionsd F 6.0 1 181-186

V29 Total Equipment Transactionsd  F 6.0 1 188-193
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TABLE A.l (Continued)

Variable
Name Variable Label Format Record Columns

V30 Total Item Recordsd F 6.0 1 195-200

V31 MIE-Equipment Maintenance F 6.0 1 202-207

V32 Aircraft Tractors F 6.0 1 209-214

V33 General Purpose Automobiles F 6.0 1 216-221

V34 All Purpose Trucks F 6.0 1 223-228

V35 Special Handling Equipment-Warehouses F 6.0 1 230-235

V36 Special Handling Equipment-Fire F 6.0 1 237-242
Fighting

V37 Special Handling Equipment-Other F 6.0 1 244-249

V38 Total Registered Vehiclese F 6.0 1 251-256

V39 Total Registered and Non-Registered F 6.0 1 258-263

Vehiclese

V40 Total Vehicle Equivalentse F 6.0 1 265-270

V41 Total Annual Mileage-Millionse  F 6.0 1 272-277

V42 OBS-Other Base Services F 6.0 1 279-284

V43 Total Population Supportedc F 6.0 1 286-291
f

V44 Total Air Traffic Control Operations F 6.0 1 293-298

V45 BHO-Bachelor Housing Operatiors. F 6.0 1 300-305

V46 Dorm Beds F 6.0 1 307-312

V47 Square Feet of Dorm Space F 6.0 1 314-319

V48 Weighted Rations Served F 6.0 1 321-326

V49 MWR-Morale, Welfare and Recreation F 6.0 1 328-333

V50 Student Populationc F 6.0 1 335-340

V51 OPS-Other Personnel Services F 6.0 1 342-347

Computed Variables

X0l Base Population
X01 - V05 + V06 + V07

X02 Base Population with Contract Man-Years
X02 = V05 + V06 + V07 + V08

X03 Ground Fuel Consumption
X03 - V18 + V19 + V20

X04 Total Vehicles
X04 - V32 + V33 + V34 + V35 + V36 + V37
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TABLE A.l (Continued)

Computed Variables (Continued)

X05 Military Population
X05 - V05 + V06

X06 Travel Transaction Proportion
X06 = V09/V14

X07 Total Transactions Processed
X07 = V25 + V27 + V28 + V29

X08 Average Items per $1000 Inventory
X08 - V30/V26

X09 Servif-e Material Transactions
X09 - V14 + V15

XI0 Military Vehicles
X10 = V32 + V35 + V36 + V37

BASE 1 SAC Missile Bases

INPUT FORMAT FIXED (lX,F2.0,Fl.0,49(lX,F6.O))

aunless otherwise indicated, these data are from AFMEA BOS Manpower and

Workload Data.
bSource: HAF-ACF(M) 7104, Report of Accounting and Finance, September

1978.
cSource: DD-MRA&L-M(OT) 7765, Domestic Base Factors Report for FY1978.

dSource: Special Management Data Bank Inquiry, M-32 Monthly Base Supply

Management Report, October 1978.
eSource: Special Request from HQ SAC/LGT, HQ TAC/LGT, HQ ATC/LGT, as

of 30 September 1978.
fI411-DOT-QU, Annual Air Traffic Control Operations Report, FY78.
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ANNEX 1.

LETTERS TO AIBMEA/MEUR; AFAFC/RM; AFDSC/LGSM; AND

SAC/LGT, TAC/LGT, AND ATC/LGT
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20330 -'

,MPME /laj Steadman/19 Jul 79/7102/c.-n

Creation of VY 73 Data File for 30S Workload indicators

Ari. iEA U "

1. This correspondence is to confirm conversations pn the subject betwen

AF/MPME, ARMEA/MEUR, and General Research Corposation (GRC) personnel. As

part of the validatdon phase of follow-on GRC research on aggregate S0S

indicators, request the data be provided for SAC, TAC, and ATC.

2. Format Spif-ations have been previously provided to you by GRC
pFrsonnel. To ensure tiely, progress on the research, the data must be

receti . Uts office p.o latter than 27 Jul 79.

. 3. questibns may be directd to Majoe Steadman, Autovon 227-1025.

FOR THE CHIEF OF STAFF

'- . - -.Copy to; AF/BPMPC

xw e r &.G g- r- u C'

fi%

.3:

Grade&

mpme stybk cy

Off.cers mpme read cy
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20330 .. .

/.aj. Steadman/5 Jul 79/sib/71025

Recuest for information to Support Research Project

AFFC/Rlj

1. This office is responsible for several research and analysis projects,
one of which concerns development of a methodology for aggregate- SOS output
indicators. A key point of the research is the identification of base
level a;gregate workload indicators.

2. Accordingly, request the following information be provided for FY 78,

by individual bases in SAC, .TAC, and ATC.

a. Transactions Audited (1511)

b. AF Member Serviced for Pay and Leave (.1512)

c. Civilian Pay Accounts Maintained (1513)

d. Travel Transactions Processed (1514)

e. Commercial Services Transactions Processed (1515)

f. Materiel Transactions Processed (1516)

3. Your support Is appreciated. Questions may be directed to the project
officer, Maj Steadman, Autovon 22, extension 71025, 73396.

. .-' ._. *' o.i..

MR. These data are necessary to conduct validation of the GRC GESOS model
developed under an AFOSR contract.

:2 :3 :4

'HPME COORD
f z MPME RF

- q ii A-IOE STYK

Enclosure 2
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20330

:Il aY St:eadiian/6' Jul 79/slb/71025

Recuest for L.-FO-iat-0n. to Support Re-search Project

An- SC/LGSU-

1. Trhis office is responsible for several research and analysis-pro.jects,-
one of which concerns development of a methodology for aggregate output
indicators for use in Air Staff-level manp-ower iranac-ement. A key part of
t%.he research is the identifica tion of base level cutout indicators which
can be used in this aggregate process.

2. Sihce supply support at base level affects all activities and therefore
mnay be a crime source , or these indicators, request the following infiorma-
tiofl from the SOSS M4-32 report be provided from your data base, on a'
priority basis, for FY 78 end year totals, by individual CONJS bases in
SAC, TAC and ATC.-

a. Total receipts.

b. Total item records. -

C. Total number of requisitions. -. *

3. Your support is'appreciated., Questions should be directed to the
project officer, Maj.-or Steadman', Autovon 22, extensions 71025/73396.

FOR T1-1 CHIEF OF STA F i

%e. 4 -

MR. These data are necessary to conduct validation of the GRC GEBOS model
developed under an AFOS.R. contract.,

.3 .:4.

=3ae 0,

* MPME COR
MPME RF

A-li MPME STY3K
Enclosure 3
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,E/4aj Steadman/6 Jul 79/slb/71025

Request for inform.ation to Support Research Project

HQ SAC/LGT HQ TAC/LGT HQ ATC/IGT

*1!. This office is responsible for several research and analysis projects,
one of which concerns development o a methodology for aggregate output
indicators. A key point of the research is the identification of base
level workload indicators.

2. Accordingly, request'the following infc~ration be provided from your
CAFVIS data base, on a priority basis, for FY 78 end year totals by
individual bases in SAC, TAC, and ATC.

a. Total number of military vehicles.

b. Total number of vehicles (includes equivalents).

c. Total vehicle mileage (miles driven).

3. Your support is appreciated. Questions may be directed to the project
officer, Maj Steadman, Autovon 22, extension 71025/73396.

FOR THE CHIEF OF STAFF "

n .

........ . _'

....

MR. These data are necessary to conduct validation of the GRC GEBOS model
developed under an AFOSR contract.

/~ ..f:- -: 3S'-b- : : . :3 :5v'-I.ME COORD

MPME RF
MPME STYBK

Enclosure 4
- 644">' _ . ___ :'"-12
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COMPARISON OF FY77 AND FY78 MANPOWER AND WORKLOAD

MANPOWER ANALYSIS

The current version of GEBOS contains seven DOD functional categories

dealing with base operating support (BOS). These are:

* Administration (ADM)

* Retail Supply Operations (RSO)

* Maintenance of Installation Equipment (MIE)

0 Other Base Services (OBS)

* Morale, Welfare and Recreation (MWR)

0 Other Personnel Support (OPS)

* Bachelor Housing Operations (BHO)

Table B.1 describes the Air Force functional account codes which comprise

these seven functional categories.

Table B.2 presents the manpower distributions in each functional cate-

gory for FY78. The major functions are ADM, RSO, and OBS which together

comprise nearly 70% to 80% of the manpower in each of the three commands.

OPS and MIE come next, while MWR and BHO contain the fewest individuals.

Table B.3 illustrates the percentage change in manpower for each

functional category within the commands from 1977 to 1978. It appears that

major changes have taken place from 1977 to 1978, particularly in TAC.

Only ATC shows an overall increase in manpower (4.4%), with the largest

percentage increases occurring in ADM, MIE, and BHO, although the abso-

lute gains in the latter were not very large. Slight manpower declines

are observed within ATC for the RSO and OBS functions.

Declines occurred in all SAC functions, the greatest decline being

in ADM. The decline overall was 4.4%.

Except in BHO, all TAC functions showed large overall declines.

Overall, there was a decrease of 3,464 spaces, or 15.5%. The greatest

reduction occurred in MIE, 43.4%. Since GRC has only DOD functional
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TABLE B.1

AIR FORCE FUNCTIONAL ACCOUNT CODES BY DOD FUNCTIONAL CATEGORIES

DOD Functional Category FACs Included

30 - Maintenance Repair 44XX (less: 4400, 4401, 4402, 4406, 4410,
of Real Property 4425, 4426, 4427, 4461, 4463, 4466, 4467,

4490, 4491, 4492, 4493, 4494)

31 - Minor Construction No manpower in this category

32 - Operation of 4461, 4463, 4466, 4467, 4491
Utilities for All Real
Property

33 - Other Engineering 4400, 4401, 4402, 4406, 4410, 4425, 4426,
Support 4427, 4490, 4492, 4493, 4494

36 - Administration 1OXX, ILXX, 12XX, 13XX, 14XX, 15XX, 16XX,
17XX, 18XY, 19XX

37 - Retail Supply 125X, 41XX
Operations

38 - Maintenance of 2XXX, 424X
Installation Equipment

39 - Other Base 30XX, 31XX, 32XX, 33XX, 34XK, 35XO, 36XX,
Services 37XX, 38XK, 39XX, 40XX, 42XX, 43XX, 46XX,

47XX, 48XX, 49XX, 5XXX, 6XX, 7XX (less:
424X, 462X, 4650, 4651, 466X, 467X, 468X)

40 - Bachelor Housing 4650, 4651
and Furnishings

41 - Morale, Welfare 45XX
and Recreation

42 - Other Personnel 105X, 462X, 466X, 467X, 468X
Support
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TABLE B.2

FY78 MANPOWER DISTRIBUTIONS FOR EACH DOD FUNCTIONAL CATEGORY BY COMMAND

DOD Functional Command

CategoriesI ATC Percent SAC Percent TAC Percent

ADM 4,607 31.1 7,049 24.4 5,180 27.5

RSO 3,027 20.4 7,900 27.4 5,208 27.7

MIE 652 4.4 2,179 7.5 1,236 6.6

OBS 3,069 20.7 7,822 27.1 4,427 23.6

MWR 542 3.7 903 3.1 625 3.3

BHO 241 1.6 332 1.1 239 1.3

OPS 2,678 18.1 2,720 9.4 1,875 10.0

Total 14,816 100.0 28,905 100.0 18,791 100.0
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category manpower data, it is not known at this time why the declines

were so large, nor is it known what specific functions were affected.

WORKLOAD ANALYSIS

Tables B.4 through B.6 present comparisons of workload indicators

from 1977 to 1978 for ATC, SAC, and TAC, respectively. It is seen that

major changes occurred in many indicators, particularly "total population

supported," "total transactions," and "supply transactions," across all

three commands. Also, it is observed that some of the largest percent-

age differences occurred for workload indicators where such differences

would be least expected. For example, in ATC, total population supported

decreased by 34% from 1977 to 1978, yet the total number of transactions

processed increased by more than 26%. In addition, the number of dorm

beds and available dorm space increased slightly, results which would

not be expected with a decrease in population supported.

Conversely, while SAC and TAC showed increases in total population

supported, total transactions, and supply transactions from 1977 to 1978,

dorm beds and the number of square feet of dorm space decreased slightly

in both commands.

There are several possible explanations for these discrepancies.

We cannot be certain that the collected data are either totally accurate

or complete for both years, and it is possible that at least some of the

changes reflect errors in the data. Also, reporting practices may have

changed from one year to the other, affecting the comparability of the

data.

Certainly, some of the differences stem from variations in the

period of reporting for the workload indicators. For example, the popu-

lation indicators represent end of the fiscal year values, while the

supply indicators are totals for only a 1-month period. In the case of

aviation fuel consumption, the FY77 value is the actual 1-month total,

while the FY78 figure is a monthly average of total consumption for a

4-month period. None of the monthly values for the individual workload
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TABLE B.4

ATC WORKLOAD INDICATOR CHANGES

% Difference

Indicator Name FY77 Value FY78 Value FY77-FY78

Administration Indicators:

Travel Transactions 76,295 81,949 7.41
Processed

BOS Budget 472 484 2.54

Transactions Audited - - -

Leave and Pay Accounts - - -

Civilian Pay Records - - -

Material and Services - - -
Transactions

Population Indicators:

Total Population Supported 253,447 167,001 -34.10
(Including Dependents)

Base Population 64,437 62,559 -2.91

BOS Population 14,187 14,816 4.43

Military Population 42,836 41,727 -2.59

Students 36,584 36,798 -4.99

Mission Population 50,250 47,743 -4.99

Supply Indicators:

Total Transactions 1,011,220 1,277,155 26.30

Supply Transactions 818,579 1,062,509 29.80

Requisitions 43,654 66,740 24.39

Equipment Transactions 74,797 88,879 18.83

Receipts 64,190 59,027 -8.04

Total Inventory Item Records 394,925 453,401 14.81

Supply Item Records (333,792)* 384,068 15.06

Equipment Item Records 61,133 69,334 13.41

Aviation Fuel Consumption 20,141 15,134 -24.87

Not included originally in the 1977 data base.
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TABLE B.4 (Continued)

% Difference
Indicator Name FY77 Value FY78 Value FY77-FY78
Maintenance of Installation

Equipment Indicators:

Total Vehicles 4,089 3,472 -15.09

Military Vehicles - 1,080 -

Aircraft Tractors - 40 -

Special Handling - 1,040 -

Non-Military Vehicles - 2,392 -

General Purpose Automobiles - 478 -

All Purpose Trucks - 1,914 -

Bachelor Housing Indicators:

Square Feet of Dormitory Space 13,536 13,554 0.13

Dormitory Beds 61,903 62,114 0.34

Other Personnel Support
Indicators:

Weighted Rations Served 847,460 771,771 -8.93
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TABLE B.5

SAC WORKLOAD INDICATOR CHANGES

% Difference
Indicator Name FY77 Value FY78 Value FY77-FY78

Administration Indicators:

Travel Transactions 109,753 106,779 -2.71
Processed

BOS Budget 890 882 -0.90

Transactions Audited - 610,702 -

Leave and Pay Accounts - 130,544 -

Civilian Pay Records - 21,510 -

Material and Services - 126,881 -

Transactions

Populati a Indicators:

Total Population Supported 344,002 412,551 19.93
(Including Dependents)

Base Population 132,803 131,322 -1.12

BOS Population 30,225 28,905 -4.37

Military Population 111,674 111,643 -0.03

Mission Population 102,578 102,417 -0.16

Supply Indicators:

Total Transactions 1,959,181 2,842,420 45.08

Supply Transactions 1,447,490 2,376,568 64.19

Requisitions 140,200 142,565 1.69

Equipment Transactions 220,092 193,415 -12.12

Receipts 151,399 129,872 -14.22

Total Inventory Item Records 1,079,322 1,084,387 -0.47

Supply Item Records (923,286)* 921,863 -0.15

Equipment Item Records 156,036 162,524 4.16

Aviation Fuel Consumption 76,682 79,346 3.47

Maintenance of Installation
Equipment Indicators:

Total Mileage 681 880 29.22

Total Vehicle Equivalents - 33,201 -

Not included originally in the 1977 data base.

B-10



TABLE B.5 (Continued)

% Difference

Indicator Name FY77 Value FY78 Value FY77-FY78

Total Vehicles 15,084 14,601 -3.20

Military Vehicles - 4,656 -

Aircraft Tractors - 321 -

Special Handling - 4,335 -

Non-Military Vehicles - 9,945 -

General Purpose Automobiles - 1,221 -

All Purpose Trucks - 8,724 -

Bachelor Housing Indicators:

Square Feet of Dormitory Space 10,719 9,395 -12.35

Dormitory Beds 48,049 41,837 -12.93

Other Personnel Support
Indicators:

Weighted Rations Served 398,382 456,186 14.51
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TABLE B.6

TAC WOrKLOAD INDICATOR CHANGES

% Difference
Indicator Name FY77 Value FY78 Value FY77-FY78

Administration Indicators:

Travel Transactions 88,527 84,562 -4.48
Processed

BOS Budget 526 570 8.37

Transactions Audited - 425,233 -

Leave and Pay Accounts - 99,647 -

Civilian Pay Records - 14,978 -

Material and Services - 87,098 -

Transactions

Population Indicators:

Total Population Supported 256,085 368,937 44.09
(Including Dependents)

Base Population 95,635 98,039 2.51

BOS Population 22,255 18,791 -15.57

Military Population 82,202 84,645 2.97

Mission Population 73,380 79,248 8.00

Supply Indicators:

Total Transactions 2,496,977 2,888,476 15.68

Supply Transactions 1,987,474 2,396,100 20.56

Requisitions 119,406 152,659 27.85

Equipment Transactions 252,252 220,525 -12.58

Receipts 137,845 119,192 -13.53

Total Inventory Item Records 901,803 929,105 3.03

Supply Item Records (790,939)* 812,221 2.69

Equipment Item Records 110,864 116,884 5.43

Aviation Fuel Consumption 41,937 45,291 8.00

Not included originally in the FY77 data base.
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TABLE B.6 (Continued)

% Difference

Indicator Name FY77 Value FY78 Value FY77-FY78

Maintenance of Installation
Equipment Indicators:

Total Vehicles 11,434 11,347 -0.76

Military Vehicles - 4,482 -

Aircraft Tractors - 404 -

Special Handling - 4,078 -

Non-Military Vehicles - 6,865 -

General Purpose Automobiles - 736 -

All Purpose Trucks - 6,129 -

Bachelor Housing Indicators:

Square Feet of Dormitory Space 7,373 6,881 -6.67

Dormitory Beds 33,847 32,138 -5.05

Other Personnel Support
Indicators:

Weighted Rations Served 305,784 344,877 12.78
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indicators are necessarily obtained for the same month during each fiscal

year. Thus, there remain substantial problems of both comparability and

reliability of the values used for the model. Nonetheless, these values

represent the best that were available at the time.

Additional discussion on data variability can be found in Appendix

D, Analysis of Workload Interrelationships.
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MANPOWER/WORKLOAD CORRELATION ANALYSIS

Tables C.1 through C.7 list the candidate workload measures that

we-e tested for each of the seven manpower functional groupings. The

workload variables tested included many which had been tested previously

and which had shown significant correlations. Some variables which had

been tested previously and had not shown significant correlations were

not tested this time. Instead, other variables were substituted for

testing as data for them became available.

Tables C.1 through C.7 include the correlation coefficients between

functional manpower and the candidate workload measures. These coeffi-

cients give an indication of which workload measures are most closely

related to aggregate manpower levels. There were 12 workload indicators

tested for administration, 12 for retail supply, i4 for maintenance of

installation equipment, four for other base services, two for morale,

welfare and recreatior, three for other personnel support, and three

for bachelor housing operations. The following paragraphs summarize the

findings for each of the functional groupings.

Administration (ADM). Seven population variables and five non-

population variables were tested for administration. Only one variable,

total contract manpower for SAC, does not correlate significantly to

administration manpower. However, weak correlations for this workload

variable are also noted for the other two commands. Correlations to the

administration variable are strongest for base population with contract

man-years in ATC, and total base officers in both SAC and TAC. As might

be expected, total base population explains significant manpower varia-

tions across all three commands.

Retail Supply Operations (RSO). Supply transactions, supply item

reports, total requisitions, total supply transactions, and total item

records appear to be rather good estimators of retail supply manpower

requirements. On the other hand, ground fuel consumption, equipment

transactions, and total equipment transactions are poorer estimators of
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TABLE C.1

MANPOWER/WORKLOAD CORRELATIONS FOR ADMINISTRATION (ADM)

Correlation Coefficient

Workload Indicator ATC SAC TAC

Total Base Officers .822 .968 .816

Total Base Civilians .829 .572 .801

Total Contacts .635 .236 .552

Total Travel Transactions .866 .789 .713

Transactions Audited .785 .754 .768

Total Air Force Members .696 .921 .702

Service/Materiel Transactions .898 .597 .699

BOS Budget .805 .807 .708

Base Population .908 .959 .753

Base Population with Contract Man-Years .917 .946 .752

Total Base Airmen .814 .864 .665

Military Population .857 .909 .711

Civilian Pay Accounts .865 .525 .732

5% Significance Level .532 .388 .468
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TABLE C.2

MANPOWER/WORKLOAD CORRELATIONS FOR
RETAIL SUPPLY OPERATIONS (RSO)

Correlation Coefficient

Workload Indicator ATC SAC TAC

Ground Fuel Consumption .485 .212 .335

Aviation Fuel .465 .702 .750

Supply Transactions .835 .768 .888

Zquipment Transactions .452 .386 .541

Supply Item Records .776 .819 .926

Total Requisitions .819 .687 .899

Total Dollar Value .671 -.031 .590

Total Receipts .749 .659 .916

Total Supply Transactions .796 .647 .951

Total Equipment Transactions .411 .349 .529

Total Item Records .766 .749 .929

Base Population .474 .574 .892

5% Significance Level .532 .388 .497
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TABLE C.3

MANPOWER/WORKLOAD CORRELATIONS FOR
MAINTENANCE OF INSTALLATION EQUIPMENT (MIE)

Correlation Coefficient

Workload Indicator ATC SAC TAC

Aircraft Tractors .272 .254 .299

General Purpose Automobiles .648 .506 .474

All Purpose Trucks .772 .829 .366

Special Handling Equipment-Warehouse .724 .404 .546

Special Handling Equipment-Fire -.047 .296 .092

Special Handling Equipment-Other .708 .787 .231

Total Registered Vehicles -- .837 --

Supply Transactions .717 .254 .447

Equipment Transactions .747 .514 .580

Base Population .918 .409 .443

Total Vehicles .716 .805 .236

Total Registered and Non-Registered Vehicles -- .875 -

Total Vehicle Equivalents --- .711

5% Significance Level .553 .388 .468
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TABLE C.4

MANPOWER/WORKLOAD CORRELATIONS FOR
OTHER BASE SERVICES (OBS)

Correlation Coefficient

Workload Indicator ATC SAC TAC

Total Population Supported .795 .922 .793

Total Air Traffic Control Operations .303 .110 .172

Base Population .802 .934 .668

Base Population with Contract Man-Years .835 .918 .676

5% Significance Level .497 .396 .468

TABLE C.5

MANPOWER/WORKLOAD CORRELATIONS FOR
MGRALE, WELFARE AND RECREATION (MWR)

Correlation Coefficient

Workload Indicator ATC SAC TAC

Military Population .860 .879 .701

Student Population .856 --..

5% Significance Level .532 .388 .468
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TABLE C.6

MANPOWER/WORKLOAD CORRELATIONS FOR
OTHER PERSONNEL SUPPORT (OPS)

Correlation Coefficient

Workload Indicators ATC SAC TAC

Total Population Supported .598 .080 .274

Base Population .737 .301 .666

Weighted Rations Served .986 .557 .698

Missile Base Factor for SAC -- .896 ---

Military Population .777 .394 .670

5% Significance Level .532 .388 .468

TABLE C.7

MANPOWER/WORKLOAD CORRELATIONS FOR
BACHELOR HOUSING OPERATIONS (BHO)

Correlation Coefficient

Workload Indicators ATC SAC TAC

Dormitory Beds .648 .361 .437

Square Feet of Dormitory Space .713 .217 .578

Weighted Rations Served .581 .110 .549

5% Significance Level .532 .388 .468

C-8



retail supply manpower requirements. Interestingly, while the total

dollar value variable indicates significant correlations for ATC and

TAC, for SAC a negative correlation is indicated. This relationship

may be caused by lack of stability in the variable for SAC. The data

analyzed were for 1 month only, which may be too short a time period to

measure such items.

Maintenance of Installation Equipment (MIE). The correlation

coefficients which have been calculated for the three commands demon-

strate the specialized function of TAC. Very few significant correla-

tions are observed under MIE for TAC, probably reflecting the aircraft

intensive nature of the TAC mission. For SAC, vehicle indicators such

as total registered vehicles, total vehicles (registered and non-regis-

tered), total vehicle equivalents, and total annual mileage, proved to

be the most significant indicators.

Other Base Services (OBS). Significant correlations are indicated

for all categories of workload indicators except for total air traffic

control operations for all three commands. It should be noted, however,

that the correlation coefficients for TAC, even for those workload indi-

cators that are significant, are generally less than the corresponding

values for ATC and SAC. As has been noted previously, population vari-

ables are generally good estimators of other base services manpower.

Morale, Welfare and Recreation (MWR). As documented in previous

GEBOS reports, population variables, particularly military population,

continue to demonstrate a strong relationship to the MWR manpower function.

Other Personnel Support (OPS). Weighted rations served continues

to show the strongest correlations across all commands for this func-

tional grouping. Base population, weighted rations served, military

population, and SAC bases with missile silos also show strong correla-

tions for this grouping.
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Bachelor Housing Operations (BHO). Dormitory beds and square feet

of dormitory space show a correlation with BEO manpower for ATC and TAC,

but not SAC. The poor correlations for SAC may be the result of a small

number of manpower spaces per base (12.8) and a low coefficient of varia-

tion (S /Y). The coefficient of variation for SAC BHO manpower is .326,

less than half the value for either TAC (.682) or ATC (.785).
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MANPOWER/WORKLOAD EQUATIONS

This appendix describes the recreation of the FY77 equations for

FY78 data (where possible). The results of this are summarized below

for each function.

ADMINISTRATION (Table D.1)

The base population and travel transactions proportion (i.e., travel

transactions to service/material transactions) workload indicators were

tested. Base population changed very little in value from the FY77 equa-

tions, remaining highly significant in all three of the FY78 equations.

The travel transaction proportion indicator showed slightly greater sig-

nificance in ATC and SAC, but ceased to be significant in TAC. However,

the magnitude of the coefficients declined greatly in all three commands.

RETAIL SUPPLY OPERATIONS (Table D.2)

In each command, total transactions processed was the primary work-

load indicator. For ATC, the collinearity of total transactions with

item ecords resulted in a significant overall regression, but low sig-

nificance for individual coefficients.

For SAC, the significance and coefficients declined in the three

workload indicators, R 2 , and both of the t-statistics, while the inter-

cept increased.

The equation for TAC was very similar to the previous year, show-

ing a large R 2, but with only a slight decrease in the intercept and

variable support coefficient.

MAINTENANCE OF INSTALLATION EQUIPMENT (Table D.3)

As was the case last year, insufficient data precluded the devel-

opment of an equation for ATC. The situation, however, was different

for SAC and TAC. Military vehicles and mileage proved to be significant

for SAC, with increases in the intercept and mileage coefficients. For

TAC, equipment item records were significant again.
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OTHER BASE SERVICES (Table D.4)

The total population supported was significant in all three com-

mands; however, the intercepts increased for TAC.

MDRALE, WELFARE AND RECREATION (Table D.5)

Military population, including student population for ATC, was

highly significant again. Variable coefficients all remained virtually

the same except for a noticeable decline in TAC.

OTHER PERSONNEL SUPPORT (Table D.6)

The equations for OPS remained essentially the same as the previous

year, with all variables retaining their significance.

BACHELOR HOUSING OPERATIONS (Table D.7)

Dormitory beds was used in place of offtcers' quarters which was

not available. The indicator was significant for ATC and TAC, but not

SAC.

Some general observations on the FY78 recreation of the FY77 man-

power/workload equations:

0 Nineteen out of 20 equations had R2 statistics significant

at the 5% level.

0 Twenty-six out of 31 workload indicators had significant t-

statistics at the 5% level.

* Only four out of 20 R2 statistics increased.

0 Fourteen out of 31 workload indicator t-statistics showed

an increase.

0 Only 7 out of 28 directly comparable workload indicators

showed a coefficient increase.

0 Fifteen out of 20 equation constants increased.

The FY78 regression equations showed a continued overall explana-

tory significance, but declining fit when compared with FY77. This may
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be due to selection bias, since variables that predicted the best in

FY77 may not necessarily be the best in FY78. Marginal productivity

appeared to be on the increase since most workload coefficients experi-

enced declining values.

Tables D.8 through D.1O list the manpower/workload equations

developed for FY78. The number and types of workload indicators selected

are generally similar to the FY77 indicators. The equations are listed

here in their single base form. To convert the equations to command

estimating equations, the single base intercept is adjusted to command

figure. This was done by entering the command total workload (X) and

total manpower (Y) into the equation, solving for the equation and solv-

ing for the command fixed functional manpower (Y - bX). This figure

was usually the single base intercept times the number of bases, but

could vary somewhat if data were missing for certain bases.

The regression intercepts provide an estimate of the base opening

costs by function that can be compared to the base opening package

planning factor. Table D.11 lists the functional regression intercepts

for the three commands.

The total fixed manpower figures for SAC and TAC are reasonably

close to the 436 planning factor. The ATC figure is considerably less,

but the planning factor was based on a combat base rather than a train-

ing base. While the regression intercept is outside the statistical

range of observation, it may be preferable to use information derived

from it in modifying the planning factor.

Table D.12 presents regressions that were used to derive addi-

tional workload indicators. The regressions were both manpower workload

relationships and workload interrelationships. The selection of the form

for a particular workload indicator is somewhat arbitrary since two re-

gressions usually are possible that relate additional descriptive indi-

cators to either manpower or workload indicators used in the model.
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TABLE D.8

ATC M"OWER/WORKLOAD EQUATIONS

ADM - 78.9 + .0338(Base Population) + .0170(Travel Transactions)

t statistic (5.43) (4.17)

R2- .932

RSO -32.9 + .00242(Supply Transactions)

t statistic (4.55)

R2 - .6 33

MIE - 5.1 + .170(Total Vehicles)

t statistic (2.41)

R2 =.327

OBS =89.2 + .0139(Total Population Supported)

t statistic (8.25)

R 2..850

MWR - 16.7 + .0053(Military Population) + .0023(Students)

t statistic (2.97) (2.89)

R2 .852

OPS -- 6.0 + .0046(Total Population Supported) + .0026 ( Weighted Raticns
Served

t statistic (3.05) (22.1)
2

R = 986

BRO =11.0 + .0108(Square Feet of Dormitory Space)

t statistic (4.82)

R2- .659
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TABLE D.9

SAC MANPOWER/WAORKLOAD EQUATIONS

ADM - 56.4 + .0347(Base Population) + .00959(Travel Transactions)

t statistic (13.1) (4.40)

R .957

RSQ 172.0 + .00297(Supply Item Records) + .00936( Aviation e

t statistic (6.14) (3.98)

R2 .796

MIE - 5.6 + .270(Military Vehicles) + .8614(Total Vehicle Mileage)

t statistic (4.21) (4.39)

R2= .720

OBS -99.3 + .0121(Total Population Supported)

t statistic (11.4)

R2 - .850

MWR -21.6 + .0031(Military Population)

t statistic (8.90)

R2 .785
Missile Total Weighted

OPS =48.1 + 80.3( Base ) + .001O(Population) + .0020(Rations)

t statistic (10.5) Factor (1.88) Supported (2.71) Served

R - .892

B 09+.06 Squr Feet of Missile
EH -109 * 0  Do(urior Spac 2.24( Base )+ 17.9(Andersen)

t statistic (1.25) (2 .01) Factor (6.52)

R2 - .712

Specification Used:

BHO - 10.9 + .0052(Square Feet of Dormitory Space)

t statistic (1.71)

R .203
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TABLE D.10

TAC MANPOWER/WORKLOAD EQUATIONS

ADM - 25.8 + .0380(Base Population) + .01015(Travel Transactions)

t statistic (2.71) (1.29)

R2  .680

RSO - 124.0 + .00125(Total Transactions Processed)

t statistic (10.2)

R= .881

MIE ..35.4 + Aircraft + .0005996( Equipment + 51.9(Holloman)
E 5 + u Tractors)  Transactions

t statistic (2.19) (1.48) (3.66)

+ 42.7(Howard) + 46.0(George)

(3.86) (3.64)
R2 .767

OBS = 161.5 + .0045(Total Population Supported)

t statistic (4.69)

R2 = 6.29

MWR = 27.3 + .0016(Military Population)

t statistic (3.80)

R2 = .491

S29.6 + .00 15 (Total Population) + .0022( Weighted
Supported Rations Served

t statistic (3.21) (3.49)

R2 = .706

BHO = 1.9 + .0298(Square Feet of Dormitory Space)

t statistic (2.74)

R2 = .334
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TABLE D.1l

FIXD BASE MANPOWER BY FUNCTION

Command

Function ATC SAC TAC

Administration 78.9 56.4 25.8

Retail Supply Operations 32.9 172.0 124.0

Maintenance of Installation Equipment 5.1 5.6 35.4

Other Base Services 89.2 99.3 161.5

Morale, Welfare and Recreation 16.7 21.6 27.3

Other Personnel Support 0.0 48.1 29.6

Bachelor Housing Operations 11.0 10.9 1.9

Total 233.8 413.9 405.5
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TABLE D.12

DESCRIPTIVE INDICATOR REGRESSIONS

Equation R2

ATC

ADM - 23.5 + .885(BOS Budget) .648

ADM - 47.0 + .O11(Transactions Audited) .616

ADM - 111.7 + .0293(Materiel and Services Transactions) .806

RSO - 46.7 + .0050(Total Item Records) .587

Aviation Fuel Consumption - 949.9 + 3.623(RSO)

- 1463.8(Non-Pilot Training Base) .725

BHO = 11.7 + .0024(Dormitory Beds) .624

SAC

BOS Budget = 184.5 + .0305(Base Population) .704

ADM = 57.3 + .0090(Transactions Audited) .568

ADM = 130.2 + .0247(Materiel and Services Transactions) .356

Total Supply Transactions = -6340 + 2.883(Total Item Records) .838

Dormitory Beds - 206.7 + 3.881(Square Feet of Dormitory Space) .831

TAC

ADM - -39.32 + .980(BOS Budget) .502

ADM - -78.0 + .015(Transactions Audited) .590

ADM - 30.1 + .0532(Materiel and Services Transactions) .452

RSO - 126.1 + .0040(Total Item Records) .863

RSO - 234.9 + .032(Aviation Fuel Consumption) .562

Dormitory Beds = --30.6 + 4.75(Square Feet of Dormitory Space) .958
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The regression equations listed here undergo two transformations

prior to their use in the model. First, the intercepts are adjusted, as

was the case in the manpower/workload equations, to reflect command total

manpower. Secondly, the equations are restated so that each descriptive

indicator can be computed directly as a linear combination of an existing

model output. For example, the regression for ATC that shows administra-

tion manpower as related to BOS budget is transformed into a relationship

where BOS budget can be derived from a given level of administration

manpower.

Additional descriptive indicators are computed as proportions of

other primary indicators. For example, civilian pay records and leave

and pay accounts were computed as proportions of total base population.

Similarly, aggregate supply transactions and vehicle workload are broken

down into detailed indicators based on FY78 proportions.
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APPENDIX E

ANALYSIS OF WORKLOAD INTERRELATIONSHIPS
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ANALYSIS OF WORKLOAD INTERRELATIONSHIPS

As a basis for further analysis, one of the first tasks performed

in the development of the model was a determinatian of the variables

for which there were relatively high correlation coefficients with other

variables in the file. Using all of the relevant variables in the file,

a correlation matrix was developed for each command. Table E.1 presents

listings of the correlation coefficients, greater than or equal to .7,

obtained for a series of dependent variables by each of the three commands.

As described in Appendix B, the supply indicators represent monthly

rather than yearly values. Included in the file were actually two vari-

ables for each of three supply indicators (supply transactions, equipment

transactions, and supply item records). The first set of variables (V22,

V23, and V24) for the three indicators were provided by AFMEA for the

month of September 1978. The second set (V28, V29, and V30) corresponding,

respectively, to the first set were from data collected from other Air

Force agencies in order to supplement and enhance the AFMEA data. These

were obtained in October 1978 (see Appendix A). In general, it was this

latter set of variables that was used in the computation of the workload

equations. The reason for this is because the second set of variables

was compatible with additional supply indicator variables collected by

GRC. This permitted additional analysis of supply interrelationships.

In general, the supply transaction data for September and October

were highly correlated. However, equipment transaction data fluctuated

considrably, particularly for SAC and TAC. The correlation differences

point out that the supply data, particularly the transaction data, are

subject to short-term fluctuations in activity level.

Additional monthly variability was found in accounting and finance

transactional data. Table E.2 provides the coefficients of variation

(S x/X) for five accounting and finance indicators.
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TABLE E.2

ACCOUNTING AND FINANCE MONTHLY COEFFICIENTS OF VARIATION (S /X)

Indicator ATC SAC TAC

Trans&ctions Audited 10.18% 8.57% 11.78%

Members Serviced for Leave 4.19% 0.54% 3.62%
and Pay

Civilian Pay Accounts 2.37% 4.66% 1.08%

Travel Transactions 10.94% 9.63% 15.20%

Commercial Services Transactions 14.89% 9.46% 12.44%
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Two findings were made from the coefficient of variation analysis.

First, the indicators most directly related to population figures, members

serviced for leave and pay, and civilian pay accounts were the most stable

over FY78. Both of these indicators had monthly fluctuations under 5%.

The transactional data (audits, travel, and commercial services) experi-

enced monthly variability in the 10% to 15% range for all three commands.

Therefore, development of workload factors based on transactional data

should use annualized data.

Several data sets suffer from the same basic deficiency, namely

that they represent monthly totals rather than yearly totals. Despite

our best efforts to obtain yearly totals for these indicators, the

requested data are simply not maintained in such a way as to provide a

yearly total. It would be helpful in any effort of this nature if yearly

totals for these and other workload indicators were available in a cen-

tralized location. Although this would be a sizable project to under-

take, there is a definite need for long-term data of this kind.

DERIVATION OF WORKLOAD EQUATIONS

Table E.3 presents for each command a listing of the workload

equations and associated coefficients of determination (r2) which are

used in the model. The derivation of these equations was the result of

extensive bivariate and multivariate regression analyses performed with

the Statistical Package for the Social Sciences (SPSS). The equations

used in the model were chosen on the basis of their yielding both a

"best fit" and of having suitable high r2 values.

Although most of the equations as presented are relatively straight-

forward, several notes on some of the equations are in order. In each

command, tne regression equations dealing with total population supported

(V43) and military population (X05) with base population (XO1), as well

as square feet of dormitory space (V43) with military population in ATC,

were converted into a form that yielded a zero intercept. This was done

to avoid the logical difficulties of having equations in the model that

would allow there to be, for instance, a military population at the base

but no base population.
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TABLE E.3

MODEL WORKLOAD EQUATIONS

ATC

1. V43 - 109.8 + 2.734(XO1) r = .949

Form Used: V43 - 2.67(XO1)

V43 - Total Population Supported

X01 - Base Population
2

2. X05 - 434.1 + .5517(XO!) r = .898

Form Used: X05 - .667(XO1)

X05 - Military Population

X01 - Base Population

3. X04 - 73.71 + .0713(X05) r 2 = .617

X04 = Total Vehicles

X05 = Military Population
2

4. V09 - 392.3 + .4605(V43) r = .569

V09 = Total Travel Transactions

V43 - Total Population Supported
• 2

5. X05 = -828.4 + .6040(V47) Regression r = .621

Form Used: V47 = .3248(X05)

X05 - Military Population

V47 - Square Feet of Dormitory Space

6. V28 = 32,784 + 15.36(X05) r2 = .585

V28 - Total Supply Transactions

X05 - Military Population
2

7. V50 - .8259 + .05307(V48) r = .948

V50 - Student Population

V48 = Weighted Rations Served
2

8. V48 - -1401 + 49.79(V47) r = .979

V48 - Weighted Rations Served

V47 - Square Feet of Dormitory Space
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TABLE E.3 (Continued)

SAC
2

1. V43 = 3347 + 2.59(XO1) r = .746

Form Used: V43 = 3.14(XO1)

V43 = Total Population Supported

X01 = Base Population
2

2. X05 = -35.15 + .8573(X01) r = .935

Form Used: X05 = .850(XO1)

X05 = Military Population

X01 = Base Population
2

3. V48 = 11,848 + 1.128(XO1) r = .383

V48 = Weighted Rations Served

X01 = Base Population
2

4. V09 = -827.7 + .3034(V43) r = .557

V09 = Total Travel Transactions

V43 = Total Population Supported

5. X01 = 551.2 + .158(V24) r2 = .551

Transformed to: V24 = -3488.8 + 6.329(X01)

XO = Base Population

V24 - Supply Item Records
2

6. V41 = -12.5 + .1193(Xl0) r = .205

V41 - Total Mileage

X10 -Military Vehicles
2

7a. V21 = -120.8 + .08948(V24) r .191

V21 = Aviation Fuel

V24 - Supply Item Records

(Used in Model)
2

7b. V21 - 470.57 + 5779.37(D1 ) + .07369(V24) r = .584

- 1103.18(BASE 1)

D1  Castle AFB Factor

V21 = Aviation Fuel

V24 = Supply Item Records

BASE 1 - Missile Base Factor

(Best Statistical Fit)
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TABLE E.3 (Continued)

8. V33 = .00503(X05) + 25.36 r2 - .456

V33 - General Purpose Automobiles

X05 = Military Population
29. XlO - 3.813(V33) r = .244

X10 = Military Vehicles

Eq. 8 + Eq. 9 Yields:

X10 = .01918(X05) + 96.59

(Used in Model)

TAC
21. V43 = -4153.6 + 4.67(XO1) r .616

Form Used: V43 = 3.7637(XO1)

V43 = Total Population Supported

X01 - Base Population
2

2. X05 - 184.98 + .8298(XO1) r = .992

Form Used: X05 - .86338(XO1)

X05 = Military Population

XOI = Base Population
2

3. V09 = -6.366 + .2123(V43) r = .572

V09 - Total Travel Transactions

V43 = Total Population Supported
2

4. X07 = 58,086 + 18.98(XO1) r = .736

X07 - Total Transactions Processed

X01 - Base Population
25a. V23 - 2305 + 2.50284(V27) r = .373

5b. V27 - 1806 + .88414(XO1) r = .690

Eq. 5a + Eq. 5b Yields:

V23 = 6825 + 2.2129(X01)

V23 - Supply Transactions

V27 = Total Receipts

X01 - Base Population
2

6. V32 - 4.37 + .00384(X05) r 2 .512

V32 = Aircraft Tractors

X05 - Base Population
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TABLE E.3 (Continued)

7. V47 - 85.64 + .0631(X05) r2  .403

V47 = Square Feet of Dormitory Space

X05 = Military Population

8. V48 - 5306.5 + 36.239(V47) r 554

V48 = Weighted Rations Served

V47 = Square Feet of Dormitory Space
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On some occasions, whcn the derivation of one equation produced an
2
r value that was too low, two equations were used to derive the model

equation. This was done for equations 8 and 9 in SAC, relating military

vehicles (XlO) to military population (X05) through general purpose auto-

mobiles (V33), and for equations 5a and 5b in TAC, relating supply

transactions (V23) with base population (XO) through total receipts

(V27). In this latter case, it should be noted that the interrelation-

ship should have been established between total supply transactions (V29)

and X01 rather than between V23 and X01. However, the equation as used

provides a very close approximation to the "true" interrelationship.

Finally, although a regression of V21 with V24 and two dummy vari-

ables provided a better r2 value, the bivariate relationship between V21

and V24 alone was used in the model.
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GEBOS SYSTEM DOCUMENTATION

GEBOS SYSTEM DIAGRAM

Figure F.1 presents a schematic diagram of the GEBOS system. The

"core" of the system is the computer disk file containing the program

BOSPG. This file is user-interactive, providing the user with the re-

quired prompts. Depending upon the responses to these prompts, BOSPG

accesses the data contained in one or more of the command files (ATCFL,

SACFL, or TACFL). Once the user has responded to all the relevant

options requested by BOSPG, subroutine SUBLP is called by BOSPG. SUBLP

then performs the actual model computations utilizing the data contained

in the command files. BOSPG's output display format then prints the

results of SUBLP's computations.

A complete listing of BOSPG is presented in Annex 1 to this appendix.

DESCRIPTION OF MODEL PARAMETERS

This section provides a detailed description of the model param-

eters using the ATC file as an example (other files are similar). This

description uses the listing of ATCFL that is presented in Annex 2.

The listings for SACFL and TACFL are presented in Annexes 3 and 4,

respectively.

Line 20 contains the constant 1 and the total base opening man-

power requirement.

Line 40 contains the label of the particular command to which the

file pertains.

Line 60 contains a number of parameters necessary for use by the

linear program. The first number (7) is the number of manpower functions

contained in the file. Next comes the number of variables in the file

(in this case, 24), which is the total of the number of individual man-

power, workload, and slack variables. The number of equations (17) con-

tained in the file comes next and, after that, comes the value of
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epsilon (.001), which defines the precision of the linear program. Fol-

lowing this comes, respectively, the number (6) of workload indicator

variables (other than the population variables) and the number of output

display lines (42). The next number in this line (3) represents the

number of manpower functions whose values are determined by the workload

indicator variables. The last number in this line defines the number of

workload equations that are included in the model.

The next 24 lines contain, in order, the FY78 values for the vari-

ables in the model. The first seven of these (lines 80-200) represent

the values for the seven manpower functions, and the next seven lines

(220-340) are the initial values of the slack variables (all zeroes in

this case). The last 10 lines of this group (360-540) are the values for

the workload variables.

The manpower functions are further described in lines 560-820.

For each function, the variable name ("FADM," etc.), the percentage of

military manpower within each function, the base opening cost (see

Section 3), and, on the adjacent line, the label that describes the

function are included.

The "heart" of the model is contained in lines 840-1200. It con-

tains the objective function (line 840), the equation constants (line

860), and, then, the equations themselves (lines 880-1200). Each equa-

tion line (17 in all for this example) contains the coefficients to be

used as multipliers of one or more of the 24 FY78 values contained in

lines 80-540. Each column in the matrix represents, in order, one of

the 24 variables. The position of the coefficients within each line

indicates which of the variables is to be the multiplicand.

The linear program variables and equations must be set up in a

specific order for the model to perform all options properly. The first

constraint equation must be the total manpower constraint. The manpower

workload equations come second. The final group of equations is the

workload interrelationships. The first two workload interrelationship
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equations must be the population interrelationships. These include the

relationships between base population and total population supported,

and between base population and military population.

The variables must be arranged by column in the same order they

are specified in lines 80-540. That is, manpower functions, followed by

manpower slack variables, and concluding with the workload indicators.

Line 1220 specifies which of the seven manpower functions have

values that are determined by the workload indicator variables. The

number of functions specified must agree with the number indicated in

line 60.

Lines 1240 through 1460 show the positions (in the matrix) and

labels of the workload indicators.

The remainder of the file specifies the equations of the remaining

indicators (population, supply, etc.), their labels, as well as spacing

information for the output display. Lines containing only a single zero

(for example, lines 1480, 1880, etc.) indicate that the line to be out-

put will not contain data. On the other hand, lines containing only a

single 1 (such as 1520, 1580, etc.) indicate that the line to be output

will contain both a label and data. Lines containing a series of num-

bers (1540, 1600, etc.) specify the linear equations of the various

indicators. The numbers are the coefficients by which the variables

are to be multiplied. Again, the positions of the coefficients indi-

cate which of the variables is to be the multiplicand. The last (25th)

number in each of these lines is the constant of the linear equation.

MODIFYING THE LINEAR PROGRAMMING FILES

As more data become available and as the need for refinements to

the model arise, it will be necessary to modify the files for the three

commands. Basically, there are four types of modifications which may

be needed:
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* Changing one or more of the linear program equations.

* Modifying the output display, such as adding or deleting

a line.

* Adding one or more variables to the files.

* Combinations of the above.

Each of these types, except for the last, is discussed separately below.

Changing the Linear Program Equations

The matrix of linear program equations, derived from regression

analyses, serves as a reference "standard" by which user-supplied changes

in the manpower or workload variables may be measured. As better data

become available or as more precise relationships among the variables

become known, modifications to the linear equations will be needed..

Once the new relationships are known, it is a relatively simple

matter to insert the changes into the linear program equation matrix.

All that is needed is to replace the coefficients of the old equation

with the coefficients of the new equation in their proper positions.

Then, of course, the old constant for the equation must be replaced with

the new constant in the line containing the constant values. In effect,

then, only two lines need to be changed when an equation's coefficients

are modified: the line containing the old coefficients and the line

containing the constant for the old equation.

Further technical discussion on altering the linear program

equations and testing for possible errors or inconsistencies is pro-

vided in Appendix G.

Modifying the Output Display

A somewhat more complicated situation occurs when it is desired

to make changes to the output display such as when labels or spacing are

modified. An example of this is presented in Annex 5. In this example,

TACFL has been modified to include mission indicators among the
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descriptive workload indicators (lines 3900-4040). This version of TACFL

may be compared to that which was presented in Annex 4. Note that it is

necessary to include all relevant directives for spacing and that the

coefficients must appear in the proper positions. Also, it should be

noted that line 60 must be modified to show the proper number of output

display lines. In this example, the number of display lines was in-

creased from 41 to 45.

Adding Variables to the Files

Conceptually, adding one or more variables to the file is very

simple. However, the process of adding variables is difficult tech-

nically because it requires making modifications to each equation in

the file on virtually a line-by-line basis. Each equation in the matrix

must have the same number of columns as there are variables in the file,

and an equation must be added to the matrix that defines the new variable

in terms of the other variables. In addition, a column, with the appro-

priate coefficient, must be added to each of the descriptive workload

indicators for each variable that is added to the file.
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ANNEX 1

PROGRAM LISTING OF BOSPG
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IIITEGER CMD)SPCMD
DOUBLE PPEC IS ION D)ASH, FtIMM, 'ThAN FILES, FILE, MR *WIlIMIS

60 D IMENS ION O3F?.'fe') OBEYiW '4) OBEYe: 41 * OBE'i r 'f
SODIMENSION TOT'S) ,CMt(T) 'FILESk3'

DIMENSION PCTMILISO),:-:MPCNIT(50).::PCNITr5O1.):<TOTt3.H::PP;50,31. l

120 DIMENSION :,(75),XBARr5),flELX;501.Ct50.50sMPIMIDI501,1FICS.
50) ,CSUMt50) .MOMITrS0)O) 0J2'50)

140 DIMENSION PHSV0).OJt50),C2(5O.50)PHS25O)XZ(?51
I 1 DIMENSION ruic tSOl ,FIAM i50 $1 *CNAM r3) ,PP(50!, *IAMS f50,8'
IS0 DATA OBEYW- i' !EO.JATE 2 TOTSFI2.-
ar00 DATA OBEYX /' IEQUATE S nOSLST*W.

aae DATA OBEY? /'!IEUUATE I BOSTMP*/
40 DATA FILES /'ATCFL'O*SACFL','TACFL'w-

260J DATA DASH /*iwmw~p/
-s ! :A MANPOWER TOTAL FOP EACH COMMAND WILL NlOW BE ENTERED FROM T

SOO ~CALL OBE'Y LO3EYWlq4)
-0 PEADi2,91fTOTK),=,.31
340 PEWIn aD

CALL O3-,E~fOB~e:,'L
S80 CALL OBEY OBEY?'1
4 10 LOOR 2
a~cWPITE(6,90001(DASH7 K=1,161

9060 FORMAT I1A5/X 'AIR FORCE BASE OPERATING SUPPORT' -;

~60 38, 'AGGREGATE WORKLOAD INDICATOR MODEL'?
al80 10 CONTINUE
%00 WRITE(6'9010) 'DASH'K=fl, 6j
520 9?010 FOPRMT(/'165/)
5-10 IP(LOOP.EO.1)GO TO 55
560 %LOOP EQ.UALS "I" WHEN CHANCES APE ACCUMULATED.
580 %:THE COMMAND(S) REMAIN THE SAME.
f:0 0 WPITE(6,9020)
6 20 9020 ORPMAT i/i:, * ENTEP COMMANDS '1=ATC, 2=SAC)-.3=TRC):'l
6Q0 0 CONTINUE
660 RERD'5q9030) 'CMDUO 4=1,?3)
680 9030 FORMAT(I1,IX1,1 XI1l)
700 CMDS=O
7 2 C DO 30,r K=1,3

.0 IFfCND').EQ.OJGO TO S0
760 IF'CM-Di'FhLT.1.O..CMDIVJ.GT.3)GO TO 35

:...,' cDS=cMDS+1
.00 30 ONTINUE
3 0c IFICMD)S.GT.O1GO TO a
$-0 T3 CONTINUE

.IP ITE 6.9-00 .

00 !10i- Tr
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d0 t'A '.ALID ':OMMAND HAS BEEN ENTEPEfl.
%6 CMID EQUALS THE NUMBER OF COMMANDS BEING CHANGED.

1066 %THE TOTAL MANPOWER IS NOW COMPUTED 'ALL COMMANDS).
16026 TOTS=0
1040 DO 50 K=1,CMDS
1060 TOTS=TOTS+TOT(CND fyi,
168e 50 CONTINUE
I1106 55 CONTINUE
1126 t'A LOOP 15 SET UP TO RUN THROUGH DATA INPUT' CHANGES AND PPINT
1140 %:PROCEDlURES FOP. EACH COMMAND.
1160 DO 760 ICNT=i.CMDS
I110 %INITIALIATIOI OF tAIABLE3S FOLLOWS.
1200 DO 66 Kli5O
1220 DEL.. tK) =0
i840 IFINCS (K)=0
1260 60 CONTINUE
1280 BASES=0
1300 ICOPT=O
1:326 NFUNC=0
1340 IFVLOOP.EQ.23G0 TO 86
1366 DO 70 J1'*N
1380 ::BAP I J) =XIJ~
1400 70 CONTINUE
1aa0 GO TO 165

14-0 80 CONTINUE
I 60 %THE INPUT FILE WILL HlOW BE DETEPMINED: AiTCFLPSACFL, OP TACFL

1-7-10 F!LE=FILES(CMDf ICNT) 3
1 5 00 ENCODE(OBY')p9050) FILEP
15F2a0 CALL OBEY(OBEYL'41
1540 9050 FOPMAT(I6HEQUATE 2 ,A51
1560 %THE X"VALUES COEFFICIENTSY AND FUNCTION AND WOPKeL'JAD !NDI

CATOR TITLES
1580 %WILL NOW BE ENTERED. THE "IALUES WILL BE COMPUTED FPOM T

HE X "AILUES.
!:666 FEAD (2s sXBASES, CSUM
1620 FEiD f 2?90370) ( CNAMU(K) -K=1, 8)
16-40 9070 FOPMATIX.8A)

-60 READr(23 1 M 4N 9M2!,PGPN2,NMsM3,YM-1
1680e DO 85 J1'-N
1700 PEAD12,A3:<BARIJ)
1720 S5 'ONTINUE

i7~0 DO 96 !IyM
:60 PEADI2,~1FUNCrI3.PCTMILI.IJ,CUMYI 1

17s80 PEAD f 2,9070) 1FNAM I V9 Kl -8j
1 r00 90 CONTINUE
1526 REAtDt2,yi 'OBJ'J)-J=19 N)
18-10 OBJ2 (N+1I) =-1I
18160 PEADI2?AMIPHSI1,IlMSJ1

1330 PIP 1 =M+ I
190 MPM=24M

:920 ? 1=dM .02

!960 PCAD 12?41 ':C rI -J J
:CZ80 I2'sN+1'I=0

£1060 9.Z5 CONTINUE
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2100 PEAD2,9878JiMPfJ,KIK=1i°
2120 140 CONTINUE
2148 %THE ARRAY MP CONTAINS TITLES FOR CHANGEABLE WORKLOAD INDICAT

ORS.
2168 DO 168 J=iN3
2180 PEAD(2,)WNSfJ)
2200 IFfWNS(J).EQ.O)GO TO 158
2220 READ(2, )(WIND(JK),K=I,N,CONST(JI
2240 150 CONTINUE
2268 READt2,90)(WNRMS(JK),K=I,8)
2288 168 CONTINUE
2388 %THE RRAY WNAMS CONTAINS TITLES FOP THE PPINTED WORKLOAD IND
ICATORS.
2328 %IF WNS(J) EQUALS ZERO, THE TITLE IS A HEADER OP A SKIPPED LI

NE.
2340 %THE ARRAY WIND INDICATES THE COMBINATION OF THE ACTUAL WORPL

ORD INDICATORS
2368 %WHICH THE PRINTED LINE RERPESENTS.
2380 REWJIND 2
2408 165 CONTINUE
2420 SUMY=S3
2440 DO 167 I=,M
2d60 SUMY--SUMY+XBAR(I)
2488 167 CONTINUE
2580 RHS(1)=SUMY
2520 IF(CMDS.EQ.I)TOTS--SUMY
2548 YAMT=8
2560 USAGE=8
2580 IF(CMDS.EQ.I)GO TO 178
2600 %SPECIAL PROUISIONS MUST BE MADE FOR THE CHANGE OF MOPE THAN

I COMMAND:
2628 :FIPST, ONLY AN ABSOLUTE CHANGE MAY BE MADE TO BE APPOPTIONE

D TO ALL FUNCTIONS;
2640 %SECONDp NO WORKLOAD INDICATORS MAY BE CHANGED DIRECTLY;
2660 %THIRD, NO CHANGE IN THE NUMBER OF BASES MAY BE SPECIFIED;
2688 %FOURTH, NO ACCUMULATION OF CHANGES IS ALLOWED.
2788 IFfICNT.EQ.I)GO TO 218
2728 %ON THE FIRST ITERATION OF THE ICNT LOOP THE ABSOLUlE CHANGE
WILL BE SPECIFIED.
27,4, %ON SUCCESSIVE ITERATIONS, THE SAME CHANGE IS APPLIED;
2760 %A PRINTOUT' BUT NO CHANGE OPTIONS' IS GIVEN.
2780 GO TO 398
2888 178 CONTINUE
2820 WRITE(6,9088)
2848 9888 FORMAT(/1X 'ENTER CHANGE OPTION fi=MANPOWER?2=WOPKLOAD)

2868 188 CONTINUE
2880 PEADtS,')IOPT
2988 GO TO f198,508),IOPT
2920 WRITEt6,98981
298 9098 FORMAT(/1X,'INVALID-ETER I OR 2:'
2968 GO TO 188
298 190 CONTINUE
'000 WRITEf6,91081
3020 9180 FORMAT(.I:, 'ENTEP TYPE OF CHANGE SPEC. .=ABSOLUTE. =PE

PCENT,3=(O OVERALL CHANGE SPEC. : '
i0'O 200 CONTINUE
3060 PEAD5,*)ICOPT

GO TO :210,240,260 ,ICOPT

- ,0 'Go TO !00
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-. - 210 CONTINUE.
Z3160 IRITE(6,9120'
.3130 9120 FORMATt-1X~'ENTER ABSOLUTE CHANCE:'1
3280 228 CONTINUE
3220 READ (5,-31 ABSCHG
3240 IF(TOTS+ABSCHG.GE.0)GO TO 230
3260 WRITE(699130i
3230 918FRA(1 NAI-,'AUSES A NEGATIVJE RESULTANT MANPOW

EP; RE-ENTER:')
:3300 GO TO 220
3.320 230 CONTINUE
.3340 PRCNT=ABSCHG/TOTrs
3368 :;AFTER A VALID CHANGE IS ENTERED, IT IS CONVERTED TO A PERCEN

T FOR COMPUTATIONS.
3330 IF(CMDS.CT.13GO TO 398
3480 GO TO 260
3420 246 CONTINUE
:3448 WRITE(6991403
3468 91.'8O FORMAT(' i:<, 'ENTER PERCENT CHANGE:')
348 250 CONTINUE
3508 READ (5. -1PPCNT
3528e IF(PRCNT.CE.-l88.JGO TO n5
3540 WRITE(699130)
3560 GO TO 250

-.0o 255 CONINUE
3600 PRCNThPRCNT' 108.
.3620 268 CONTINUE
:36-8 WRITE(6, 9158)
3668 9150 FORMAT "ix. 'ENTER THE NUMBER OF FUNCTIONS FOlR WHICH CHA

NGES WILL BE SPECIFIED:')
363 270 CONTINUE

3708 READ V5. El NFTJNC
3720 IF 1HFUNtC. CT.0. AND. IIFVNC. LE.N) GO TO 28
37:,-t IF(NFUNC.EQ.0)GO TO 360
37,60 "WHEN NO FUNCTIONS ARE SPECIFIED, THE CHANCE IS APPORTIONED T

0 ALL FUO!;TIONS.
37000 WRITE(6,91601M

3380 9160 FORMAT(/1X'iNVALID--ETER FROM I TO '.12,':',
3120 GO TO 278
3840 280 CONTINUE
3368 WRITE(6,91703
338 IF(ICOPT.NE.3)WRITE(6p.1735)
3908 WRITE(699176)
3928 9170 FORMAT "iX, 'ENTER METHOD BY WHICH FUNCTION CHANGES WILL
BE SPECIFIED AS FOLLOWS:"/%
35948 -X'X,* =ABSOLUTE NUMBER OF PEOPLE' 4:
'3968 4X' 'aSPERCENT OF FUNCTION MANPOWER'?,,%
-3980 4Xy'3=PERCEIIT OF 305 MANPOWER'1
-1000 91'75 FORMAT' 4X '4PECENT OF TOTAL CHANGE')
4020 917.6 FORMAT(/1X.'METNOD:')

4940 290 PRD(5.4lMETH
4Q08 IF(ICOPT.EO.3)GO TO 295
d:080 i'METH.GT.0.ASID.METH.LT.5) GO TO0 300
411J0 WRITE(69980)
-1120 9130 FOPMATG. 1X,' INVJALID)-ENTER 1,2y3, OP d'

a1~0 GO TO 298
-1160 295 CONTINUE
ad18 IF'MIETH.GT.O.ANID.MIETH.LT.4J)G0 TO 300

-,jQQ WRITE'699040J
-l,0 SO0T 290

*00 CC!ITIIJE
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.;260 WRITE6.-9190W
42809190 FORMAT(/1:X, ENTER: FUNCTIONS AND AiSSOCIATED CHANGES tOfiE

FUNCTION PER LINE) '/%
43003 'X USING THE FOLLOWING NUMBERS TO DENOTE FUNCT

IOS 1

4320 DO 310 It1em
4340 WRITE(6,9201)I.IFNM(I,K),81?P
4:1607 92013 ..MA('7X 12,'=' iSAS)
43813 310 CONTINUE
441713 WITE(6i.9210J
4420 92113 FORMATr/l
4440 DO 358 11w NFLINC
4460 W-RITEE6-9220)
'44-303 9220 FORMAT I iFUNICTION,-CHANCrE: *

415001 320 CONTINUE
45213 READi5.41 IFUNCS(I) 'AMOUNT

4540 IF'iFJNCS().GT.0.AND.IFUNCS(I).LE.MBGO TO 3
4:568 WRITE t6.,9230)
4580 9230 FOPMATI'i, 'INUALID FUNCTIO-N-RE-ENTER FUNCTION AND CHA

rcc: ' 1
-;6001 GO TO 3213
"620 .330 CONTINUE
4A.10 IF(METH. EQ. 1JDELA=MOUNT
46613 IF MET4. EQ. 2]DELY=AMOUIfP'XBAP rI FUNlCS (I.I / 101.
4:6801 IF METH. £0.3) DELY=AMOUNTUSUMY131.
-1700 I F' NETH.N. 0 DELT=AMOUNT'PRCNT'mSUMY' 180.
4720 %CHANGE IN '"e" IS COMPUTED USING METHOD OF CHANGE CHOSEN PPEU

1-4 I0DL+BRIIJCUIGOG TO :3403
47603 WRIE(6,9.248)
4780 9240 FORMATi",l p' INlVALID CHANGE-NEGATIVE PESIJLTANT MANPOWER

RE-ENTER FUNCTION AND CHANGE: *1
'1800 GO TO 320
4:320 S340 CONTINUE
4:840 USAGE=USAGEDELY
4860 Y.AMT=YAMT.:<'BAP f IFUNCS (I))
48380 '. II FUNCS (1I1I1 =XBAR t. IFUNCS f Il 1 DELT
-1000 3513 CONTINUE
4920- 3613 CONTINUE
49;40 WRITE(6Y9250)
4960 9250 FORMAT 1/iX,'IS THERE A CHANGE IN THE NUMBER OF BASES ti

498171 370 CONTINUE
5000 READ 05.-*1 IOPT
5020 GO TO t380.398.IO0PT
50413 WRITE(699091
50613 GO TO 370
5080 .380 CONTINUE
51003 WRITE(699270)

1 au 9270 FORMAT' iX ENTER NUMER OF BASES TOi BE OPENED' r OF i:LO

Ti1e P13RD(5r01BASES
5160 DO 390 I=2,MP1
5180 IF'C' 1,1-11.NE.01 RHS'il)=R.HSI L+B-ASES*CSUMY' I-11.C I. I-I1
521313 390 CONTINUE
fe2a0 398 CONTINUE

M3APG=(
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5308i IFtICOPT.HE.3)CO0 TO 199
5320 NRCN*1~
53403 IF(Yi*IT.EQ.8)GO TO 488
5368 IF (USAGE.,YAMT.CT.OsRHS (13 =PHS' 1.' +2,*HJSACE.-YAMr'*PH3t 1)
538 GO TO 488
54138 399 CONTINUE
5420 RHS' I) =RHS (I) +PPCNfl5SUMY
5440 488 CONTINUE
5468 DO 481 J1, N
5-1-30 O3J2(J) =OBJI J1)
550G 491 CONTINUE
5528d IFMNFUNC.EO.OICO TO10
5548 482 CONTINUE
5568 DO 483 J=iNFUNC
5530 O3J2(IFUMCS(Jj b=s
568 483 CON1TINUE
56,28 4Q4 CONTINUE
5648 DO 415 I=1'N2ARG
5660 DO 405 J=1f
5680 C2(IlJh=C(I)J)

5700 405 CONTINUE
5728 RHS2(I)=RHS(I)
5748 IF(NF1JNC.EQ.OJCO TO 415
5760 nO 418 J=1PNFUNC
57830 C2(QtI FUNCS tJ)1I=A.
5808 RHS2(M)=RHS2 (I)-C I IIFUNCSWjI4XIFJNCS tJii
15820 410 CONTINUE

5348 41.5 CONTINUE
'5868 IF(M3ARG.LE.03)CO TO 420
5880 IF(NINDS.EQ.OICO TO 417
5980 IFfM3.EQ.0300 TO 417
5920 DO 416 I=lMS
5948 MIN=OMIT(I)
5968 RHS2LMI+1)=O
5980 DO 4116 J1,iN
6000 Ca(NI+±,Jh=o
6020 416 CONTINUE
68040 417 CONTINUE
68.60 C211,N41=1
6080 RHS2(I)=-P.HS2t1)
6 10P0 DO 418 Ifl.MARC
6120 DO 418 J=t'PlsNPM
6140 C2(IyJ)=8
6168 413 CONTINUE
6188 Do 419 1=141-
6a08 Cr1I=C21I
6220 419 CONTINUE

62~8 a20 CONTINUE
62613 WRITE( 1t) NAPG, M2ARGs ARC
6a80 WRITErIE 'OP.J2'JJ.J=1,UIAPC)
6-10 wP ITE (I, A'IPHS2k1)I =1'i 1 APC)
6320 DO 422 I=1,M2APC
63-10 wR ITE I C2(I.,j-J= IeNARGJi
63s60 422 CONTINUE
613*0 PEWIND I
6 cl 8 CALL SUBLP INE2,OPT)

20 PEWIND 1
:o 427 j=tif
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tz60 "I'NFUNC.EO.0JGO TO 426
'30 DO -LO25 I=1NFUNC

650 IF(IFUNCS().EQ.J)GO TO 427
6528 425 CONTINUE
6540 426 CONTINUE
6560 :: (J) =xa ( J)
6508 427 CONTINUE
6608 'ABOUE THE ARGUMENTS FOR LINEAP PROGRAMMING ARE PPEPAPED.
662-0 DO 450 J=,tl
6640 DEL, (J) =X (J) -XBAR (J)
6660 450 CONTINUE
6680 GO TO 608
6700 %WORKLOAD OPTION FOLLOWS:
6720 500 CONTINUE
6740 WRITE(6s9275)
6768 9275 FORMAT (/IX, ENTER CHANGE IN MISSION POF'ILATION tOP ZZERO
TO RETAIN CURRENT UALUE) : )
6780 READ(5? )XVAL
6800 NARG--I
6820 M2ARG--M2
6840 M3ARG=i
6860 WRITE(6,9288i
6888 ?80a FORMAT(/IX, 'ENTER THE NUMBER OF WORKLOAD INDICATOPS FOR
WHICH CHANGES WILL BE SPECIFIED:')
6900 510 CONTINUE
6928 READ(5,i1NINDS
6940 IF (NINDS7. GT. 0. AND. Nt INDS. LE. NZ) GO TO 520
6968 IF(NINDS.EC.0)GO TO 575
6980 WRITE(6,9160)N2
7000 GO TO 510
7020 520 CONTINUE
7040 WRITE(6,9290)
7860 9290 FORMATIiX,'ENTER WORKLOAD INDICATOR AND ASSOCIATED PER

CENT CHANGES (ONE INDICATOR'/%
'88 12,' 'PER LINE) USING THE FOLLOWING NUMBERS TO DE

NlOTE WORKLOAD INDICATORS:' I
7108 0 530 J=,N2
7120 WRITE(6.'9283)J, aMPr.JK), F=1.8)-140 530 CONTINUE
7160 WRITE(6,9210)
7180 DO 560 J=ININDS
7200 WRITE(6, 9300)
7220 9308 FOPMRT( I., 'WORKLOAD INDICATOR, CHANGE: *)
7240 540 CONTINUE
7268 READ (5, A) IINDW, PRCNT
7280 IF( INIW. GT.0. AND. INDW. LE.1I2j GO TO 550
7300 WRITEt6, 918)
7220 9310 FOPMAT(/X *INVALID WORKLOAD INDICATOR--PE-EtTEP WORYLO

AD INDICATOR AND CHANGE: ')
71-0 GO TO 540
7360 550 CONTINUE

388 DEL: t'HP! ND (I NDW) l=PPCNT.XBAR (MP I ND I IDW 1 I' 10
7400 ;THE ACTUAL WORKLOAD INDICATOP WHICH THE USEF SPECIFIES IS CH
ANGED.
7-:20 568 CONTINUE
7-40 lFUNC#12+13
"d1l DO 565 J=ltl2
- . ZF;, IrS, J I) =(,IP 11,0 1 JI

c-7Ct :11I1P i i =: 'AP !r ID J * : EL:: i N 'I' '
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75128 565 CONTINUE
-5-0 trcfRc=M4

75168 IFfM3.EQ.03CO TO 575
7588 DO 578 J1'PM3
7600 MINMONIT(J3
7620 IvurICSuJ+Naj-vii
764e3 X(MI)zRHS(M1+13/C(NI+1,MI)
7660 DO 570 I#I'N

7700 5783 CONTINUE
7720 575 CONTINUE
7740 RHS( 13=RHS( 13-XZARfN4)-?.')AL
7760 DO 588 J=11 M
7',788 0BJ(J)1t
,S8o 588 CONTINUE
7820 DO 590 JNmP,MPM
7e48 OBJ2(J3=0
7860 598 CONTINUE
7880 GO TO 482
7900 608 CONTINUE
7920 WRIT(6P93203
7948 9328 FORMAT(/1Xt'EiTER PRINT OPTION AS FOLLOWS:'/%
7960 4Xs '1=DISPLAY MILITARY/CIVILIAN BREAKOUT'.-%~
7988 4X, '2=DISPLAY TOTAL MANPOWER ONLY' .,-?;
21080 1Xq'P.IT OPTION IS:'1
8-028 618 CONTINUE
a3048 READ (5,'1IOPT
8860 IFtIOPT.CT.8.AND.IOPT.LT.3)GO TO 620
8880 IF(IOPT.EQ. 1993 STOP
8-100 WRITE(6i9098)

120 GO TO 618
8140 620 CONTINUE

:3168 *;THE TOTAL FUNCTIONAL MANPOWER PRINTOUT WILL NOW BE MADE.
:3188 0O 630 K=193
8208 ,T~f)A
83220 E,^0 CONTINUE
8240 WRITEI 6,93303
:3260 9330 FORMA9T t/'///)
82830 WRITE (699348) (CNAC1(KJ K=1,81

8308 9348 FORMAT(31X8A5/-i
8320 WRITE(6.9358)
8340 9350 FORMAT('29Xs'*FUNCTIONAL MANPOWER 'TOTAL) 'l
:3368 WRITE(6s9360)
8380 9368 FORMATf IX''FUNICTION' ,36"' 'FY78' *6X' 'CHANIGE' 'IX, 'PESULTA

NT' - IX' PERCENI'/%
8-:80 43X, 'MANPOWER'' lX, 'MANPOWER' ,2X 'CHANIGE' ''

8420 DO 658 I=1.fl
83440 'XPCHT (I) =
8-160 IF'XBAR(13.IIE.O) X PCNITfI)=DEXII)BAR.I'*100.
:3480 XPR I 1) =XBAR (I) 0,XBASES

:300 XPR'i I12)=DEL,. ti.'XBASES
8,520 XPPrI,.3=XpptI,1)+XPPfI'2)

8540 DO 640 K=1,3
:3560 XTOT (K) =XTOT qc +XPP r K)

3 580 640 CONTINUE
WRI00 (6 97)1FA ,ViKl8 kXP( ) 13 :PN

3620 9370FOMrl8A1XF.1XF.,2F..:F7J
"t-0 650 CONTII'IJE
c mp F': lT=0
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1 F iXTOT t. 1I .NE. 0 1PCNT=XTOT 12) --X TOT f11 *IC-0
370 WR ITE(6 p9380) tXTOTtkK) 9K= 13i ,FCNT

$720 9330 FORMAT(/6X,'TOTAL',31:<,F9.1.1x .1l1:<,F9?.j,2x,.F7.a)
8374CJ IFrIOPT.EO.2C')O TO 715
3760 .THE MILITARY FUNCTIONAL MANPOWER PRINTOUT WILL NOW BE MADE.
8730 DO 660 K=193
3800 X(TOT (K)=0
3820 660 CONTINUE

:340 WR ITE (6 99330 1
:3860 WITE(6, 93901
88830 9390 FOPMAT(27X, 'FUNCTIONAL MANPOWER IMIL-ITARel.-

8900 WRITE(6 9360)
83920 DO 680 I=1sM
:3940 X:MPCNT' I3=PCTMIL(I1*XPCNITII)'100.
8960 DO 670 K=193
:3980 X MIL(IiK)=PCThlIL(IV'XPR(IsK)'100.
9000 :TOT(K)=XTOTfK)+XMILtIK)
9020 670 CONTINUE
9040 WRITE(6t9'370) tFNAM(I2K3 sKI,8) , (XMIL(I Ki ,Kt'=13' CMPCNT' Ii
9060 680 CONTINUE
9089 PCNT=0
9100 iFw.TOT(lN.tE.0)PCNIT=XTOT(23/XTOTli4100.
9 12P0 WRITE(699380i (XTOT(K) ,K=1,3) 'PCNIT
9 140 %;THE CIVILIAN FUNCTIONAL MRNPOWEP PPINTOUT WILL NOW BE MADE.
94160 DO 690 K=193
91:30 XTOT fK) =0
9200 690 CONTINUE
9220 WRITE(69330'
9240 WRITE(6,9400)
9260 9400 FOPMAT(27:. 'FUNCTIONAL MANPOWER (CI'.'ILIAN1'I
9280 WRITE(699360)
9300 DO 710 11I.M
9 320 PCNIT=XPCNIT f I) -:<.MPCNT (I j.
91340 20 700 K=1..3
9360 :PP (IK) =XPP IIYKI-:<M ILtIsK i
9380 ::.TOTfK=XTOT'K)+XPR' bY)
9-100 700 CONTINUE
9-120 WRITE(6,9370) INMfI 4I,K=11. ) , IXPII'K' *F=1 Z,3 PCNT
9440 710 CONTINUE
9460 PCNT=0
9480J IF(:,TOT( 1). NE.O0)PCNT=XTOTI' .-TOT(I 1 *100.
91500 WRITE6,93830 IXTOT(K),K=1'.3)'PCNIT
9520 715 CONTINUE
9540 ;SLACK VARIABLES WILL NOW BE PPINTED.
95 "-. WRITE(699330)
9!580 WRITE(6905)
9600 9405 FOPRT (SOX''MANPOWER SLACK' "1ARIABLESI
96a0l~ WRITEt6,9a06j
96"1 940,-6 FORMAlT'I::Y 'FUrICTION'-.4OX! SLA.Ck?* I
9-66In0 DO 717 i=1,M
96:30 WP ITE (6 p 94071 1 FNAMil f IK1> K=1, *:2'1 I+w
9701.0 9-:07 FORlMAT' i:<' SAS' 3: F 10.2)

920 717 CONTINUE
9"O 0 THE WORKLOAD INDICATOR PRINTOUT W-ILL N'OW BE MADE.rrJ W-RITE(693301

9?"l10 FORMIAT f ' "X'* OTPUT HI L1.R D'

F-19



9820 WPITE (6'-9420)
?*840 9420 FORNATr1XWORKLOAD INDICATOR' -25X. F~ir8' 7X,'CHA4NGE's 1

Xs PESULTANT' ,2Xy 'PERCENT"/%
9860 aM, 1IND ICATOR' Ix * IND ICATOR'q&'- 'CHANGE',v)
9880 DO 740 1=103
9940 XPR1=CON8T(t3
9920 XPR2=0
9:940 IF(WrSI).GT.0)G0 TO 720
9960 WRITE(69870) (wNANS(r.K~jK=1,8J
9980 GO TO 740
10000 7280 CONTINUE
10020 DO 730 J=1,N
10040 :PRl=XPR1+XBASES'WIND l I, uXBAR u
10060 X-PP.2=XPR2+:<BASESW6WItND (Is JJ DELX(J)
10880 730 CONTINUE
10108 :<PP3=XPR 1+XPR2
10120 Pcrir=e
10140 IF(XR1 .NE. 03 PCNT=XPR2':<PIA10.
10160 WP.ITE(6994303 tNAStIKjK=1,8).XPR1,"PR3v:.PR3,PCNIT
10180 9430 FORMAT(1X,A5IXF10.IXF9.1,'sF1O.1,lXsF6.1)
10200 740 CONTINUE
10220- IF(BASES.EQO)GO TO 0
18240 ISUM=CSUMEEASES
10260 I2=BASES
10280 WRITE(6, 94403 13ISUN
1300 9440 FOPMAT(///1X,'THE CHANGE ACHIEVED BY OPENING ''I3!' BAS

ECS) IS ',16)
103320 -750 CONTINUE
10348 IF(ICNT.EQ.CMDS)CO TO 760
10360 WRITE(6'98010)QfASHK1, 16)
10380 760 CONTINUE
10400 LOOP=2
104120 IlkCNDS.GT.1'GO TO 10
i0440 WRITE(6,94501
10J460 9450 FOP.NATf-//IlX,'ENTER ITERATION OPTION AS FOLLOWS:'

104803X, '1=ACCUNULRTE CHANGES'2=BEGIH NEW CYCLE,,!
S3TOP' 4
1.0500 3X''ITERATION OPTION=*)
10520 770 CONTINUE
:0540 RD(5yM)LOOP
1060 GO TO tl0sIO,7S0)'LOOP
10580 WRPITEr6,9040'
10600 GO TO 770
101620 780 CONTINUE

STOP 'RUrN COMPLETE'
END
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ANNEX 2

LISTING OF FY78 MODEL PARAMETERS AND EQUATIONS
FOR THE AIR TRAINING COMMAND (ATCFL)

F-21



L::T KTCFL

-@ RIP TRAINING COMMAND
60 r. 24. 17. .101 6. a2. 3. 10.
80 4607.

100 327.
!20 65a.
140 3069.

180 2678.
208 21.

240 0.
260 0.

-00 8 1 .

as2o o.

6 62559.

-O 81949.

-;i0 1062509.
4 '3172.
z i, 167011.
-:80 3554.
500 41727.50 36798.

7!171.
6 'C P ADM?1 59. 37 0.

:8 ADMIIISTPATION
600 "FPSO' 58.18 165.
620 PETAIL SUPPLY OPERATIONS
60 'FMIE' .2.32 0.
660 FAITITEArICE OF ItISTALLTION EQUIPMENT
660 'FOBS' 64.48 193.
700 OTHER BASE SERVICES
720 'FNWP' 54.30 0.
740 - MORALE WELFAPE " PECPEATION
760 ?FOPS* 13.5£ 78.
780 OTHEP PEPSONNEL SUPPORT

O ' FgHO' 1 . 3 0.
A': H:EL:F 1-CUS 110-2PEF3 ':r
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16 1.' 6 p-1099. 3728 -455. 73 -61.r76.-747. 471 -36. 211596.SZ 52y-?4. 616:L,

Sao

0 02F 0rj.0408pr .'8qj8I8I,80.00 990 F FAO';.O822.8y'.002

Q14 8,.0-0.8,090f8.8 OF8il,8 a g.8 . 67. 8.8.8,.-l,8F.8,8.80

11208 0 Wi. 0 08O ,8, 09OFAir,8e8,80,08OFF8,8 p 08p8,8-1 F.3* :248 1,0
1140 1 15.36,00
1160 04O F0 9$ 9I qiO F0 9OO FO t0 F- 50
113 i SO0,.-

8..88..c.88.'Zito,8.1,,, 01FIPF10,8,8.08

1a68 TPFI"EL TPANSACTIOrIS

![300 SUPPLY TRANSACTIOtIS

1.3-1 TrjrPL VIEHICLES
1360 1.
,:.so SO FT VOPM SPACE
1400 at3
i 4E0 STUDENTS

-.E: :HTEfl, PATiQrS CEP"E2-
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.2C0 -:t!F!tlISTPATIONt IrIDICATOP.S:

:5"0 a. a. a. a. a. a. a. a. a. a. a. a. a. a. a. a. i. a. a. a. 0. 8. ).

a. a.

:568 TPP.'EL TRASACTIONS PROCESSED

.113 a. a. 0. '. a. 0. -. 113 . . . . . a. 0. a. 0. a. a. u.8. O. a. -'Sr,
"6L BOS BUDGET

1660 98.91 a. a. a. a. a. a. -9.'1 0. a. a. a. 0. a. 0. 0. a. a. a. a. V

0. 0. 8. -66194
16:8 TPANSACTIONS AUDITED1708 1.
1720 a.Oa. a. a. 1. Q. @. a. a. a. . a.. a71. 1i. 1.iq a. . Q. Ca. a.

I '.L8 LEI' E AND PRY ACCOUNTS
! 760 "17,6s o . o. 0. u. . . .. 0. 0. 0..

. . .O
:08 CIIIILIAN PAY PECORDS

1828
i'.0 34.13 0. 0. a. a. a. 0. -34.13 0. 0. 0. 0 i. a. a. 0. 0. 0. 0. .

. . 0. -77-16
1360 1rITEPIAL :. SERUICES TPANSACTIONS
1:3.88O
19813

"'?-=0 POPIJLATIOM INDICATOPS:

:'38 0. 0. a. 0 .0. 8. 0 .0. 0. 0. 0. 0. V . . a. a. 0. 0. 0. . 0. 0. c'.

a. a.
8O08 TOTAL POPULATION SUPPORTED NICL DEPI

•206 1.
48 0.I .a.a.a.a. .f. f. a. a. C. . :. Q. 0. a. C. . A. 0. ,

Cl. 0.
60 BASE POPULATION

100 :. i. i. :. .... .... O. 'a. '. O. '. 'a. 'a. 0. a. a. a. a. a. a. o
0. 8.
.1 O 30$ POPULAT ION

140 i.
.160 8. 0. 0.. 0. 8. 0. 8. 8. 8. 0. 0. a . a. Q. a. 0. 8. a. a. E. '. a.

'" :T -2r5 PFpI Tl rf
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Z240STUDENITS

~38 -i. -1. -1. -1. -I. -I. -1. L3. 8. V. 0.8 . 1. 8. 3. 8. V8. 0. Q

alao MISSIONI POPtJLfTIOrI

23-L.

.:380 S'PPL~i' I 1W 1CRTOPS:
'.4@0 1.

L420 8. 8. 8. 8. 8. 8.. V3. 8. 8. 0. 8. 0. 1). 0. 8l. 8. Pl. I..it721805 8. 0.
Q. 8. Q. .8
24417 TOTAL TR.ANSACTIONS

_I8 .8..8. 8. . 87J. 8. 8l. 0.8 8. 8. . . 8. 8i. 0 . 0. . 8. .8

0. 8i.
li~riA SPPLY TR.ANSACTIONS

8. 8.8. 8 8. . 8J. 8. j. 8. 8). Cl. 8. 0.8 . C8. 116~3598..

T60 PC.-ISITI8IiS

j. . 8. Pl. j. 8. 8j. 0. 0. 83. j. 3. C%.C.. j. Lt. 87. .,)8 I,, j 8,. 8

0. 1. 8.
a~8 'C!U.FME31T TPANIACTIOfIS

. 8., . 08. 8. 8j. 8. 8i. 8. 8. 8l. 8,. 8.. 8j.8..8.8553 8..

~i:8 ECE:PTS
:'7 3 P

7 2 0 C. i.88. 83. 8. V8. 8. 8. 0. -200. 8. Co. 87. 8. 8. 8. 8o. 8.0. 8. 0. '.

70TAL iti"lEITLFi J-1 P!-COPDS

So 8. !6$.416 8. 8. 8. 8. 8. 8. -!69.416 0 .~ . 8l. 8l. 8. .8.
8. . . .0. -!235.

a-'erjo SPPLY ITEMI PECOPDS

20-171 8. n8. 54 8i. 8. 8. 8. 8. 13. -110 84 C4. 8. 8. 8. 8t. 8. C. 8f. 8l. 8. I.

8l. I.l.i. -a?44.
E2iIEtEII ITEMl RECOPBS

8.629 0 . 8. 8. . 8. 8. 8. 8l. f. 8. fl. 8. 8. .. 0. u. 8. 8l.

IFl.'EL '::i'ScIPI:'-H
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. &~ .....UfuIL.J2~rITAEQ"UIP INDICATOPS:
3 140 )

316 U U.U.U.0. . . . &3. L7. Q. Ul. 01. 0. . 0. 0l. el. 1. 0.0. Cf. C.

l. 0
3180 TOTAL UEHICLZS

3220 03. 0. &3. 03. ;j. Ci. 0. 0. 17. 0j. 0. 0.o. '9. 0l. 0l. 0l ,_ 106 J .

324 MILITARY UJE4ICLS

3:280 0. 0. . 03. 03. 0. . 0. 0. 0. 0. 0. 0. . 0. . 0i. .011,52 .0

.3300 IRCRFT TRACTORS

0. 0.0.0. 0..13..0 .00. 0.0. 0.0Q.Q.0Q.0.0. .2940 0.

3360 SPECIAL HANIDLINGC

340 0. 0. 0.V.0. 0).0. 0. 0.0. 0.0. 0. 0.0.0c.0. 0. . 1 .0

:420 MON- I LI TAP? UEHICLES
$440 1 .
3 460 0. 0. 0. 0. 0. 0J. Cf.0C. 0. 0i.0Q. 0. 0). 0.0 0o. 0f. 0'. U.: 0f. 0.-

U7. U1. U.
.-:30 CE! EPAL PIJPPOSE AUTO

220 C0. Cl. 0. 0. 0. 0. 0f. 0. 0. 0l. 0'. 0. 0. Co. 0. . Q. 0. .Z127 0. 0f.

D'S 4 CALL PURPPOSE TRUCKS
Ui.

1ACHELOP HOUSING IrIDICATOPS:

0l. 0. 0f. 0l. U. 0. 0f. 00.'..0..0..0.3. L

18*137SO FT DlORMl SPACE

Cf . . 0l. 0. 0l. -:16.66P6r 0l. 0l. 0l. 0 .0 .0 ' .0 .0

:'oijr BEDS

:sao OTHER PERSONMEL SUPPOF:T:

3860 0. . 0 0. . 0 0.0. 0 0.0. . 0l. 0l. 0. 0. 03. Cft. C'. '..
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ANNEX 3

LISTING OF FY78 MODEL PARAMETERS AND EQUATIONS FOR

THE STRATEGIC AIR COMMAND (SACFL)
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ERiFL

STR.ATEGIC HIP COMMAND
r. -14. ir. Ciul 6.. .V3. a. js)*

"*5 9003.
Lao0 a1i79.

160f ?0 3.

07.
'1..32.

-Sri

-60i

6;J0 111.Ol:'.20i-

620 FETAIL StJPPLY OPERATIONS

66li MIAINITENANCE Or iNSTALLATI ON EQUIPMENT
*GOBS* $*.4 lS

00u OTHEP SASE 'EP')ICES
'WP'65.36 '3.

7.1 MIOPALE WELFAPE PECPEATIJM
60c 'raopr' 66.253 7S.

T.HER PEPSOMIIEL SLIPPOPT
* 'C J:!H 1: . s

-* MlELQF ?'CJUS r"; -PEprr itS
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i00-.31,-. a

It6,16,41.-6,a3,57 -195 III"3 I3 -I805 18389 1-90fl24 O

8-:4 0-,00,0 0Ve,0,0v1 .00 00.00,ofO.00093,,0 0,1,00
9.4i313880-4,14,A.3.a1

13r ,1,0,0,L30,'3, 1,00.0G3,.00 .279.861490,0,Y0,03

846 0,0P0P-! o,00P09000.0 ,,0-Oo0 0*0.0121,0o0.0

'348 OF 0Y0Y0,-It$0 0 10F0,0,1.yi.0,0r0 1,0,00.00 1 00

249 0 00 I O o0,-, .0089*0
350

353
S5 t 9041I000 , f0,0 A, O00,0 .948,-i I ;0.00700

.858 O A 0, SO,,0, 000I,,O,,PP) o- ,00 .0 191.:",'
1320 3. 3.
1240 16.
i260 TRAUEL TRANSACTIOMS
1220 17.

,300 TOTAL ITE1 PECORDS1330 18.
- AVIATION FUEL COMSUMPTION1260 19.

'30 MILITAPY UEHICLE INUDITOPY:4813 0.
1 0 TOTAL MILEAGE

0 !!E:GHTEn PRTIONS EP"'E
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cl& i flrIrll$TPATION INDICATORS:

5i40 0.80. .0. 0. .0. 0.0. 0.0. 0.00.: . 0.0.0. 0. 0. 0.0.0.

0. 8.
1560 TPA' 'EL TRAN4SACTIONS PROCESSED

1600 0.'3. 0. 03.0.80.0.80. 8.0. .0.0.0c. .00352 0. 0. 0.0C. 0i. ul.

0 . 8. 419.8

1640
1660 08880008000080 .~* .. 0800

1688 TPAIMSATIONS AUDITED

1720 0. 0. 0i. 0. 0j. 0. 01. 0j. 0. 0. 8). 0. 0). 0. .?94kY760. 0j. 0 . 0. 0. .
0. 0. 0i. 0.

1740 LEfit'E AND PAY ACCOUNTS

1780 0. 0. 0. 0. 0. 8. 0.0.0r.0V.0C. 0. 0.0r. .iZ,7960. 0i.0.0C. u. Ui.

1800 Cl' 'ILIAII PAY RECORDS
1820 1.
1S40 0.. 0. 0.00. 1.0Q.0f.0. C.0.8. 0l.0. .9713l01. 0.0f. 0. 0. Cf.

Ul. U. 75 3
1 S60 MATERIAL &: SER"I1CES TPANSACTIOIS
.1880 0i.

1 9.t POPIJLfITICII IDICATOPS:

07. 0.
Ia000i TOTAL POPULATION SUPPORTED' INCL DEPI
2020
0484 0.0 0 . 0. . 0J. 07. 0l. 0. 0t. 8J. 0. 0. 1 . U. Uf. U. Q. 1. U. .

$060. 1 BASE POPUJLATION

a100 1.1 .1 .1 .0 0 .0 .0 .0 0. 0. 0. 0. 0 .

8. 8i.
2120 10S POIPULATION

V21687 0. 0. 0. 0. . . 0. . 0. 0. 0 .. 0. 0. 0.. 0 . 0. i. 0. .0

0l. 0.
180i MILITARY POPULATIO

280 -1.-1.-1.-1.-1.-1.-1.0. . 0'. 0.0 . .1 . 0l. 0,. 0. U.
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2380 SUPPLY INDICATORS:
2400 I

17j. '. 0 . 0. '3. 0. 0. '3. '3. 0. t). '. 17. '. 0 . '3. 3.3S'' 0. 13. ). '. ,.

'3. '3. -279931.
2 44' TOTAL IPANSACTIOMS

@.'. . 0. . '. '7. 0. 0. 0. &3. t-. J. 17. 2.S31 9 '. . '. .

'3. 0. P). -a34050.3091
a5so SUPPLY TRANSACTIONS
2520 1.
25,0 0. 0. 0. 0. '. 0. 0.. . 0. 0. 0. C..0. . .1658924 0. 0. 0..

0. '. 0. -14052.5362
aS60 REQUISITIONS
a580 1.

260. 117 0. 0. O, 0. 0. 0. 0. 0. 0. 0, . 0. 0. 0. 0. .2304-5757 O,. 0 , 0.

'3O. 0. a. -190335.338
26F-0 EQUIPMENIT TRANSACTIONS
Z640 I

260.'3 0. . . .o. . 0. 0. 0. 03. 0. 0. 0. 0. '. .15475710. '3. 0.

'3. '3. '. -12792.8467
26-S' RECEIPTS
2700 1.
2720 o . i, Ci, rj. C, , O . , 0, . , 0- 0 . 0 , 0 0. 0, . 7 o3 0 . , 0, .Q

0. 0. 0.
li7ao TOTPL H1YUENTORY ITEM RECORDS

:7:30 0. r, 0. 0. ol 0. i. 0, 0. 0. ki, 0, cl. 0. 0. Q. i. O, ci, Q. t, 0,. .

0. 0.
-100 'SUPPLY ITEM RECORDS

,320 i .
$40 0. O, 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.. 76 U. o. 0. O ,.

0. 0. 0.

ae60 EQUIPMENT ITEM RECORDS
:880 !
2-00 rO .o.O.n. o. ri. 0. 0. O. 0. O .O .O .O .O .O .

2920 BA.IATIOI! FUEL COMISUMPTIO

12960
2980 '3.
$000 MAINT OF INISTA EQUIP INDICATORS:
3020 1.
$040 '3 .0 .. 0. .0. . 0, 0. '0. 0 .. 0, .0. ., . 0. 1.. Q .

• TFL -ILE4E
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308,8 I
:::08. 8. 0. 0. 8. 0. 0. 0. 3. '3. 0. 0. 8. 0. '3. 0. 8. 0. 7.138? 7 '3 ',o3.

.. . q. .

3120 TOTAL VEHICLE EQUIUALEITS
.3140 1.
3168 0. '.0.0.0.0 .0.00....0.8O.g. 0.0.0O.3.131608 .8 . :,

* 0. 8. O.
310 TOTAL L'EHICLES

3228 . 0..A.0....... 0 .-.. 0... C..1.0. 0. 0...0

0. 0.
MILITRPt UEHICLES

"22 10. '.8.0..0.0.0.0.. .. . . O. 0. 0. 0. . 89 0. 0..J.

::80 AIRCRAFT TRACTORS

. .8. 0.. V. 0. 0. 0. 0. 1. 0. 13. .0. . .9311. 0. C.

L,60 '-PECIAL HANDLING
: 1.

3,.63 .. 0. . . 0. 0. 0. W. e. .0. I0. . 0. 0i. 0. 2. 1 60 0.

. .O
MON-MILITARY 'EHICLES

* ,.-U 1.
1..:. ; 8. 8,. 8. 0. 0. 8. 83. 8. 0. 0. 0. 0. 0. 0. 0t. 0. 0. 0. .26.2£ u. '. .

c. . Q.
'0 GEIIEPAL PUPPOSE AUTO

05A u8ci 1.
.0 0. . 8. Q. 8. 0. 0. 0 . 0. C . 0. 8. 0. Cf. 0. 0. 8. .::73: , .

-'LL FU'PPF'.E T FUCI.C.
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36a0 BACHELOR HOUSINlG INDICATORS:
S640 1.
$660 0. . 0. . . .0. 0. 0. 0. r .g. . 0.0.0.0. 0. . 0. &. .0

44756 0. 4395.
3660 3" FT DORM SPACE
3700 1.
3720 .. 0. 0. 0. 0. 0. 0. 0. . 0.. 0. 0. 0. .0. 0. 0. 0..

73813 0. 22432.
3740 DORM BEDS
3760 0.
3780
3300 0.
'e2 OTHER PERSONNEL SUPPORT:
3c,40
3$60 0.0.0.. 0. .0 . .. 0. I .. .. .0.0. I .

tIE:GHTEJ PATIGMS SER"IED
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ANNEX 4

LISTING OF FY78 MDDEL PARAMETERS AND EQUATIONS FOR
THE TACTICAL AIR COMAND (TACFL)
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LJST TACFL
28 !,'36.

TACTICAL AIR COMMAID
68 7. d4. 17. .881 6. -1. 3. 18.
88 5188.

188 5288.
128 1236.

!48 "-0f.
168 626.
!88 1875.
288 239.
228 8.
240 0.
268 8.
288 8.
388 8.
Z20 8.

348 0.
.368 98839.
280 34562.
300 1J

'CO 228525.
4U 84.

-rU 368987.
88 6881.

O'3 846'5.
58 3'487?.

'6 .RDII 75.51r 8.
580 ADINISTPATION

0 'HRSO' :8.32 16 .
628 RETAIL SUPPLY OPEPRATIONS

68 'HMIE" 75.81 0.
660 MARINTENANHCE OF INSTALLATION EQUIPMENT
6:80 'HOES' 83.9 193
roe OTHER BASE SE')ICES
728 "HMWP' 62.28 0.
748 MORALE WELFRE .RECPEAT ION
768 'HOPS' 56.08 78.
rsc, OTHER PERSONNIEL SUPPORT

• : 0 "THO' i..E 0.
E AC PELOP Hi:U'$t' I P ::PE ATI! tIS
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.- j .0,....8,0,8'8'8.,0.,-i,-i.-I'-l .- 1.- -1-.-i.0
1zr0l 91,-596oa137.-159?, : 5.-7??.4 39 89 ,-276 6 .55S5,-498.568,-5b2

.791 .- 33.9462,8, -62P..8599,-1027695. 78,-3574.4969,-78.r09265,-I1539.9005, -95516. 441,2888
:380 I,Ii.i,i,i,lt,,,0,e,,,,,,,,0~,8,8,
900 -1,POP Os ,O,0,0,1, O,0, ,PO, ,s,.0389,.lo1 p 5,0,70,oy,0,k0,0,,
920 0,-,0000,0,pP1,0000 ,p0,901, 0,9. Vie125,P0,P0 ,9000,
940 0,8,-1,',,8,1,8,0,0.,08,8,.80005996,.oersa6ao.e,,.o

0
968 0,8,8'-i,,,8,,0,8 , i,0,o,e,o,o,a,e, .8045,,0,8,

9080 0, 0 0-,001Y o o,0 , ofOlO 0,0,0, ,A, ,0,f,0,0 .006,0

1888.

1830 0,0..8,,,0,0,80,003.76367568,0,8,0,0,-1.8,800
1835 0,8,8.0,0,0,8,i3,8.8,6,8,0,0,.8633808994.,8,0,8,8,8,-1,0.8

1868 0,8,8,8,80,,s,8,8'8,0,8, 1S.98,8,-1I,0.8,80,,0,

1300 TOTALTRANS,0TIONS0,8,,8.,0,,0.-,8,'.883843,8.0
1160 8,8s,080,,,8'8,,0,0,8,8'8,8,8,8,8,3,-1,. .631.8,0
1180 8.0,,,8,.,,,0,00.0,0,.,,0.3,36.239,13,-1.8
ICADO 8,8,8,00,8,0,8,8,0,8,8,0,0, 1L,8,8,0.8,8,8,8.-I

i2 0 16.
1260 TRAI'EL TRANSACTIONS
1230 1?.
1380 TOTAL TRANSACTIONS

1320 I
:34t) EQUIPMENT TRANSACTIONS1360 19.
31380 AIRCPAFT TRACTORS

1400 21.
iao SQ FT DORM SPACE
"t * 23.
, - 0 IiEI'HTE: FATIONS SEP"ED
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:5jQ ABMINISTRTION INDICARORS:
15 0o 1.
1540 .. .0. . .0. . . . . . . . 0. 1.. . 0.0. . 0. 8 .

8. 0.
1560 TPRAVEL TRANSACTIONS PROCESSED
15.30 1.
1600 .io2 0. 8. . 0. .0. -.12 0. 0. 0. OAO 0. 8... 0. 0. . c.

0. 0. 0. .1.5
1620 305 BUDGET
1648 1.
1660 66.6678. 8. 8. 0. 8. 8. -66.6678. 8. 0. 8. 0. 8. 0. 8 . .

0. 0. 0. D. 79898.
1680 TRANSACTIONS AUDITED

1720 .0. o. o. . . . 8. . . 8. 0. . 0. o. 1.0164 0. .0. 0. o. 0. C

0.8.8.
Ir40 LEAUE AND PAY ACCOUNTS

P88 8.8.8.80.8.8.8O.O.80.8O.8O.0O.8. O..15278. 8.8O.8O.0. 0. :

.0. 8. 0.
!'8Z CIVILIAN PAY RECORDS

.8-13 22.3 8. 0. 8. 8. 8. 0. -2?L,8 8. . . . . 0. 0. ,. 0. 0. Q. .

0. 0. 0. -31420.
18680 MATERIAL :4 SERVICES TRANSACTIONS1:38 8.

:980
1920 0.
1948 POPULATION INDICATORS:
1960 .
1938 .0. . 0. 0. 8. 0. 8. 8. 8. 8. 0. 8. 0. ua. 8. 8. 0. 0. I. 0. 0.

0. Or-
.2007 TOTAL POPULATION SUPPORTEDtINCL DEPi

.0"8 0.'.0.0. 8. 8. 3. . 8. 8. 0 . 0. 0. 1. 1. 0. J. u. 13. 0. 0.

0. 0.

2060 SASE POPULATION
2080
I O i. . I . 1. 1 . 1. 0. 8. 0. 0. 8. 0. . 0. 0. 8. 0. O. 0. a. cl.

0. LI.
303 POPULATION

2!,08 1.1-68J 0. 0. 8'. 0. 0. 0. 0. 0. 8. 0. 8. 0. 0. 0. 8J. 'a. a. a. 'a. 'a. 'a. .

0. 0.

180 MIL!TARY POPULATION

2 ' -... - 1- . -:. -1. -1. -1. ',. 0,. 0. 0,. 0. 03. . . 0". '. 0". 0'. ,.

;:Cr; PC.LjLf'TtC.
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2360 0.
223S SUPPLY INDICATORS:
• -400 1.
242 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. t. 0. 0. 0. O .O

8. 8.
24413 TOTAL TRANSACTIONS
2460 1.
2480 0. 8. 8. 8. 0. 8. 0. 0. 8. 8. 8. 8. 8. 0. 8. 8.7.8981049506 -. 89818-

9506 0. 0. 0. 0. 8. 8. 8.
2500 SUPPLY TRANSACTIONS
2520 1.
25 40 . 0. 0. 8. 0. 0. 8. 8. 0. 8. ;. 0. 0. 0. 8. .057219-5666 -.05721'i

5666 .. 0. 8. 8. .. .
S2560 REQUISITIONS
,5s 1.
2680 8. . 8. 8. 8. 8. 8. 8. 8. 8. 0. 8. 8. 7. 0. O. 8. 1. . . 0. 0.

A. 8.
2620 EQUIPMEiT TPRNSACTIONS
2640 1.
2668 0. 8. 8. 8. 8. 8. 8. 8. 8. 83. 8. 8. 8. 8. 8. 8. .446754 32 -. a6:

483- 8. 8. 0. 8. 8. 8. 8.
2688 PECEIPTS3

2720 8. as0. 0. 0. 0. 8. 8. 0. -250. 3. 8. 8. 8. 8. 8. 8. 8. 0. 0. 8. 8.
8. 8. 8. -372395.

'7,10 TOTAL IMUE'tTORY ITEM RECORDS
'760 1.
2780 8. 218.5493 8. 8. 8. 8. 8. 8. -218.5493 8. 8. Q. 8. 8. 8. 0. 8. 8.

8. .. 0. 0. -325983.76489
asrio SUPPLY ITEM PECORDS
::820 I

.:.= 0. 31.4SO7 0. 0. 8. 0. 8. 0. -31.4507 8. 8. 8. 8. 8. 8. 8. 8. 8. 8.

.:':368 EQUIPMENT ITEH RECORDS
28308 1.
2900 8. 31.25 8. 8. 8. 8. 8. 8. -31.25 8. 8. 8. 8. 8. 8. 8. 8. 8. . 8.

8. 8,. 8. -[1i7..9.
2920 A41I RTION FIJEL 'CONSUMPTION
2940 8.
2960

;:Jo AHINT OF INSTA EQUIP INDICATORS:
31.-8 1.•
3160 8. 0. 8. 8. 8. 0. 8. 8. 8. 8. 8. 8. V. 8. 1. 8. 8. 07. a:".867 0. 178.
8. 8. 8. 8.
31:80 TOTAL "1EHICLES

!:LIT P',' ':EHLirLE'-,
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328 8 .. . 0. . . it... 0. 3. . .. .0...
0. 8.

3300 A IRCRAFT TRACTORS
332?8 1.

3340 0. 0. 0. 0. 0. 8. 0. 0. 8. 0. 8. 8. 0. 0. 0. 0. 0. 0. 18.0941 0. 0.
0. 0. 0. 0.

3360 SPECIAL HAMLING

3408 0. 0. 0. 0. e. 0. 0. 0. 0. 0. 0. t. 0. 0. 0. . 0. 0. 16.9926 1. C.
0. 0. 0. 8.

3428 fIOfl-MILITARY UEHICLES
344 1.
3460 0. 0. 0. 0. 0. 8. 0. . 8. 0. 0. 0. O. o. 0. 0. 0. O. 1,8218 0. 0.

. 0. 0. 0.
3.S0 GEIERAL PURPOSE AUTO
3508 1.
.358 0.0. ). 0. 0. 0. 0.. 0. 0. 0. 0 . 0. 0 . 15,1708 0. 0.

0. 0. 8. 8.
.3540 ALL PURPOSE TRUCKS
3560 0.
3588
Z 608 8.
: b'= BRCHELOR HOUSING INDWICATORS:

"3668 8.8 . 0 .0 8. 0. 0. 8. 8. 0. 0. . 8. 0,. 0. 0.,8 0. . 0. 1, u, aL.

0. 8.

3680 SO FT DORM SPACE
3700 1.
3720 . 0. 8. 0 8. 0. 8. 0. 8 . 8. 0. 0. 8. 0. 8. 0. 0. 8. 0. 4.700:?.

0. 0. 8. -547.
37'0 DORM BEDS
3768 0.
3730

:320 OTHER PERSONNEL SUPPORT:
3840 1.
3860 0. 0. 0. 0. .0. 0. 0. .0. 0. . 0. 0. 0.0.0.0.0.0.0. ..

t jiEGHT'ED PARTIONS SEP 'ED
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ANNEX 5

LISTING OF TACFL MODIFIED TO INCLUDE MISSION INDICATORS
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LIST TACFL
a I,36.

TPCTICPL RIR COMMAND
68 7. 24. 17. .081 6. 4.5. 3. 10.
80 5180.
W0 5208.
128 1236.

1:0 "427.
160 626.
!80 1877.
288 239.
2280 .
240 0.
268 8.
280 0.
300 0.
320 0.
340 0.
368 98039.
380 84562.
,:.08 22,8476.4.'2- "- 0525.

404 -.O.

-O8 368987.
a88 6881.
5s0a 84645.
1320 3-97
540 Y.
'360 'HADN' 75.51 0.
..W0 ADMINISTPRTION
PWO 'HRSO' 80.32 165.
6.'0 PETAIL SUPPLY OPERATIONS
6-0 'IHMIE' ."5.:1 0.
660 MAINTENANCE OF INSTALLATION EQUIPMENT
t80 'HOBS 83.99 0S.
708 OTHER BASE SEPICES
720 'HMWR' 62.30 0.

MOPALE WELFPRE t RECPEATION
768 'HOPS' 6.00 78.
7U0 OTHER PERSONNEL SUPPORT
:,;in 'HSHO' . a 0.
:0 -PCHELOF HOUS:r rI ::PEFfiTICrl$
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I8-79t,-596.Z37 1597. 4259 -777. 40Q899'266. 555g -A%. 56$.*- I

946

1030 A-0
1035 0,~,,,~,e~,@~,,.8633808994 Opp,;.3,0e. Cie-Is0. 0

1060 OPsOY 0983989909 e a,A. 9eP 090, I8.98re6s-190o.01090,0 OO

1108

Is@ e O9er8,6,uVOYP09 'u,6YOY09 07 09000 0. 36.239? IN-1 0
1-I00 w,,,,,,,,,,,,,,gJ60000-
laze 2. 3. 7
1240 i6
:260 TRAV)EL TP~RNSATIOrIS

isee TTAL TRANSACTIOMIS
1326 18.
!3>40 EQUIPMENT TRANSACTIONS

1366 19.
:!3:30 AIRCRFT TPACTORS
1430 21.

SO FT DOPM SPACE

tNE1NTEfl RAT IOrr SEP'JED
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1480 1.
i 10 ADMIHSTRRTIOIN iltDICATORS:
1528 1.1540 0. 0. 0. 0. 0. 0. O. 0. 8. 0. 0. 8. 0. 0. 0. 1. 0. 0. 0. 0.

8. 8. 13. 8. 8.

1Z68 TPWJEL TRAN1SRCTIOIN1S PROCESSED1588 i.

1688 .182 . 8. 0. 8. 8. 8. -. 1a8. 8. 8. . .3. 8. 8. 8. 0. 8. 8
8. 8. 8. 8. O". 41.5
1620 30.S BUDGET
1648 1.
1668 66.667 8. 8. 8. 8. 0. 8. -66.667 8. 8. 8. 8. 0. 8. 8. 8. 8.

8. 0. 8. 8. 8. 8. 8. 79898.
1688 TPrIlSACTIOINS AUDITED
1780 1.
1720 .. 8. . .,8,. 0. 8,8. 8. 8. 8. . 1.8164 8. 0. 8. 0.
8; 8.. 8.. 8 8 8.
!740 LEUE RMiD PAY ACCOUTIIT

178 . . 08. 8. 8. 8. 8. 8. 8.8. 8. G. . 8.. .1527d3 . 0. 0. 8.
8; 8. 8. 13. 8. 8.
18@8 CIVILIFRI PRY PECORDS
1828 i.

4a 22.88 8.0.. 8. 8. -22. 88 8.8,. ,. 8. 8.1. 1. 08. 8.cf. 0. 0. 0. 0. 0. -314-c,

1868 MATERIAL 1. SERVICES TRAISACTIOIS
1.388 8.

1 928 13.

!9483 POPULATIO ! IrDICATORS:
1968 1.
i'988 0. . Q. 8. Q. 0. 8. . 8. 8. 8. 8 ,. 8, 0. . . 0. 0. i.

13. 3. 8. 8, 8.
."C88 TOTAL POPULRTIOI' SUPPORTED( INCL DEP)
2828 i.
2:8483 8. 8. 8. 8. 8. 8. 8. 8. 8. 8. 8. 13. 8. 1. 1. 13. 1. 13. 1. 13.

13. 13. 8. 8. 0.

2068 3ASE POPULATIOrN
2088 1.
2100 1 . 1. 1 .1 . 1. 1. 8 . . 8. 8. 8. 8. A . 3. 13. 13. 8. C4. Q.
0. . 8 . 8.

21213 OS POPULATION"
214 1.
2168 8.18. 8. 8.8.. 8.1O. . 8.10.10.0. 8.08......C). Vi. A. J. cl

2180 MILITARY POPULATIOi
2268 1.
2280 -1. -1. -1. -1. -!. -1. -1. 0. 0. Q. 17. 0I. Q. 0, CO ,-.
Q. C. 0. 8. 0. 8. 0.
2:300 MI$IOM POPULATION
a328 8.
2348
,-368 8.•

2388 SUPPLY INDICATOPS:
2488 1.

1. 8. 0. 8. 8. 8. O.. .0. 8. . . 0. 0.8. 1. Q.13.
u. 6. 8. 8.

5-;.41 TOTAL TPANSACTIONS
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-. 99810495 8. 0. 0. 0. 0. 0. 8.
2500 SUPPLY TRAhSACTIONS
2528 1.
254e 0. 0. 0. 0. 0. 8. 0. 0. 0. 0. 0. 8. 8. 0. 0. 0..8572195666

-. 0572195666 8. 0. 0. 8. 0. 0. 0.
2560 REQUISITIONS
2588 1.2660 8. 0. 0. 0. 8. 8. 8. 0. 8. 0. 0. 0. 8. . 0.0.0O. 1. 0. 0.

0. 8. 0. 0. 0.
2628 EOUIPMENT TRANSACTIONS
264e 1.
2660 8. 0. 8. . 0. 8. 8. 0. 0. . 8. 0. 0. 0. 0. 8. .0446754-832

-. 84467Z'4832 8. 0. 0. 0. 8. 0. 0.
2688 PECEIPTS
2708 1.
2728 0. 250. 0. .0. . .0.-250. 0. O.0. .0. 0. 0. 0. 0.
0. 0. 8. 0. 0. -37L"w'95.

274 TOTAL INVENTORY ITEM RECORDS
2760 1.
2780 0. 218.5493 8. 0. 8. 0. 8. 0. -218.5493 8. 0. 0. 0. 0. 0. 0.
0. 0. 8. 8. 8. 0. 0. 0. -325983.76489
2880 SUPPL',' ITEM RECORDS
2828 1.
2340 0. 31.4587 0. 0. 0. 0. 0. 8. -31.4507 0. q. 0. 0. 0. 0. 0. 0
. . . 8. .8. 0. 0. -46911.23511

Ee60 EQUIPMENT ITEM RECORDS
2888 1.
2988 a. 31.25 0. 8. 0. 0. 0. 8. -31.25 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. -117459.
Z920 A1IATIOI FUEL CONSUMPTION
2948 8.
2960
2980 0.
3008 MAINT OF iNSTA EQUIP INDICATORS:
3140 1.3160 0. 8. O.0.8.08.8. 0. 0.0. 0. 0.0. O.08.0. 0.0O. 23.83'
7 0. 0.0.8. 0. 0.

3180 TOTAL OEHICLES
3200 1.
3220 0. 3. 0. 0. 0. 8. 0. 0. Q. 0. 0. 0. . . 0. 0. 0. 0. !1.09a
1.0. 0. 0. 0.

r1iLITARY VEHICLES
3260 1.
3238 8.0. 0. 0. .. .0. . 0. . 17J. 0. O. 0.1 O . 1. 0.

0. 0. 8. 8. 0.

3300 AIRCPAFT TRACTORS
3320 1.
3340 0. 0. 0. 0. 0. 0. 0. 0. 8. 0. 0. Q. 0. 0. 0. 0. 0. 0. 18.09"

0. 0. 0. 0. 0.
3360 SPECIAL HANDLING
S380 1.
.0480 0. . 0. 8. 1. 0. 0. 0. 0. 80. 0. 0. 0. 0. 0. 0. . 16.99E

6 0. 0. 0. 0. 0. 0.
3420 NOM-MILITAR'( VEHICLES
3440 1.

", 1 L. I. LI. I . U. 0. U. 0. 0. 0. 0. 0. 0. C. 0. 0. C. 0. 1 I.:'
b'. O . . O. 0 .O

C.Ef:EFAL FI2PP*E AUTO
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$3.0. 0 .0 3
3548 ALL PURPOSE TRUCKS
3568 0.
3539
368 0.
3620 BACHELOR HOUSING INDICATORS:
3648 1.
3661 0. '. '. '. 0. . 0. 0. 0 .. 0. . 0. . 0. 0. 0. 0.

1. 0. '3. sa. i0.
368 SO FT DORM SPACE
3780 1.
3720 0.0.0.8.0.0.8.8.8. 0.0... J. . .0. . 0.

4.750036 0. 0. '. -547.
3740 DORM BEDS
3760 0.
:3730

-- 20 OTWEP. PERSOIINEL SUPPORT:
38Q. 1.
3860 '.0.0.0. 88.0 . .0. 0. 0. 0. . .0. .0. 0. 0 0.

0. 3. 1. 0. 0.
3330 WEIGHTED PATIONS SERUO
3900 '3.
3902
390' '3.

3920 MISSION INDICATORS:

3968 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 1. 0. 0. .029911?67-"
0. 0. 0. 0. 0. 0. 0. -86.LA90.0
3980 Film FLYING HOURS
4000 .
402 8 '3.. 0. . . 8. 0. . . 0. . 0. . 0. . 0. .. rfifl:-,

Q 0. 0. 3. e. 0. -352-70.7
F.111 SORTIES
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THE LINEAR PROGRAMMING MODEL

Linear prograiming is used as the computational methodology for

solving the various manpower/workload problems in the GEBOS model. This

appendix describes the linear programing subroutine.

The linear program can be run from GEBOS as a separate print option.
Instead of the normal print options, the user enters "199." The actual

equations used by the linear program can be listed by printing the data

set "BOSTMP." The output of.the linear program module is stored in the

data set "BOSLST."

The linear programming problem as described in "BOSTMP" has the

following format:

LINE 1: Number of variables, number of constraints, epsilon

(test for 0)

LINE 2: Objective function

LINE 3: Constraint constants

LINE 4 to END: Constraint variable coefficients

The number of variables in the problem includes slack and surplus

variables. The current program can handle up to 50 variables and 25

constraints. Epsilon, a precision factor, provides the "0" test value.

Any value less than epsilon is assumed to be 0. The objective function

is stated for a minimization problem. Any objective function can be

stated as a minimization problem. For example, the workload maximiza-

tion problem can be stated as a minimization problem by changing the

pign on the cost coefficients. Minimization of a negative quantity is

identical to maximizing the positive value of such a quantity.

There are five subroutines involved in the linear program. They

are:

G-3



* SUBLP

* MATGEN

* REITA

* RAWIA

* RIVO

The subroutines are listed as an annex to this appendix.

SUBLP is the central program. It solves the set of constraints

using the revised simplex method. The first step is the generation of

the initial working tableau, using the subroutine MATGEN. The next step

is selection of the column with the lowest total price using subroutine

REITA. The subroutine RAWIA selects the pivot column in the computations,

while the subroutine RIVO performs the actual pivoting operation.

The program can terminate in four ways:

* Unbound solution

0 Inconsistency

* Faulty processing

* Optimal solution

In an unbound solution the binding constraint is missing on one

or more variables in the objective function and the model can keep in-

creasing the objective function indefinitely without any restriction.

An inconsistency occurs when two of the constraints are found to be in

conflict, such as x >2 along with x <1. Faulty processing usually means

there are missing constants, variables, or other contradictions with the

parameter list. An optimal solution indicates processing was completed

normally.

The general form of the output is the objective function total (i),

followed by the values for the model variables, in the order they were

specified. If improper processing occurs, the appropriate cause of the

problem is identified.
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The particular linear programming solution search methodology used

here sometimes results in "inconsistency" when it technically should not.

Due to the nature of the equality constraints, the model sometimes goes

through an intermediate step where one or more of the model variables is

computed as negative. For example, due to other restrictions, dormitory

space may be computed as negative in a particular pivoting. If such

inconsistencies occur, they can be corrected through the derivation of

additional constraints. These additional constraints, while redundant,

prevent variables from being improperly computed outside a desired range

during intermediate processing.
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ANNEX 1

LISTINGS OF SUBROUTINES

SUBLP, MATGEN, REITA, RAWIA, AND RIVO
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'LIST SUBLP
1 C A PROGRAM FOR THE REVISED SIMPLEX METHOD

a C IT STORES THE IMt'ERSE IN AM EXPLICIT FORM

3 C THE OBJECTIVE FUNCTIOM IS TO BE MINIMIZED

1.5 SUBROUTINE SUBLP(X- OPT)• COMMOf/IMFO/R (ZS, 58) ,3 (a5 .5), IBAS ZS5), N, M1 , MS, N 11, EPS

5IMENSION X 75)

6 DATA NREADI.'/,MPRIHT.'3/

7 C GENERATE INITIAL TABLEAU

CALL MATGEJI

9 C CONSTRUCT THE FIRST WORKIIG TABLE AS AN M2WM2 TABLE

13 DO 19 I=3,M2

11 DO 18 J=aM1

1a Is 3BI.J)=@

!3B' I, i-1)=1

15 IBRS ( i ) --- a -

16 1 .1I-11:13

IS IBAS' I]-i

19 I~AS(2)--o

-" C START OF PHASE I

23 ! PASE=I

2, C CHOICE OF COLUMN WITH LOWEST PRICE

as 20 CALL PEITA|.IPASEPCDJPI

26 Z SV=JP-1

21 C TPANSIT FROM PHASE I TO PHASE II

IF(CD4-EPS)28,2424
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2GO TO ra5,45hPIPASE

.30 -5 D.* 19 13=B t 1,1)

32 26 IPASEua

33 GO TO 20

34 C FORMATION OF THE LTPA COLUMNI AT THE Tr--2*EE RIGHT OF THE 3 TABLE

35 28 GO TO (12SYZ3)sIPRSE

36 lSDC=A2$JP)

37 30 2ze I=3fm2

38 22 !)CDCaP12JDC *AIjjP

4 ;j '32e BtUPASE,M2)-CD

flo 30 1=3sMa

-C- CSL@

DO~ J=39

29 =C+B (I J-0 w.frJ. JP)

:30 CON1TINUE

47 C CHOOSE THE PIVOT COLUMN

CALL PAWIAtIP)

'9 IF' IP)34, 34.35

J0 34 CO TO (-52,371. IPASE

51 C PEPFOPM THE PIVOTING OPERATION

52 35 CALL RI'JO(IP*IPASEYIBV)

53 GO TO 0

!A C PROBLEM RESULTS FOLLOW

55 C A) UNBOUNID SOLUTION

56 37 WRITE(NPR!NTY3) IBV

':7 DO 39 I=aYM2
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59 GOTo 5

60 C 3) INCONISISTENiCY

62 MVRRu11+H

63 GO TO47

f:4 C C) OPTIMAL SOLUTIONl

65 45 OPT=B(*2,1)

66 WRITE(!IPRINT971 OPT'

67 tlVAR=e1

68 C D) DE1TMIIIRTIOgI OF THE X'S

69 47 DO 48 J=1,MUAR

-70 48 X(J)=@

D~O -19 I=3iMPa

72:'.=IBAS(IJ

73 49 X :0I=B (I ,1)

7-, c OUTPUT OPTIMAL SOLUTION

DO 2000 I1,MUAR
(6 WR ITE (NPPIMTi *' X (I)

f ( 0I80 CONTINUE
:36 G~O TO 55

:37 C DISPLAY OF FAULTS (IF AN'el

:33 52 I'RITE(NPRINTi9) IPASE

:39 V5 WRITE(NPRINT-11)

90 RETIJPH

91 S FORtqAT(IOXUNBOUND S$OLUTION Xl:' *12 * = INFINIITY

92 4 FORMATrIOX, PI,1'19G.,xEe:.T

93 6 FOPMATr1OXICOSISTEIT ECUATIONS9 =1EOS.Z':..O$

94 7FORMAT(1.,9X,'OPTIMAL SOLUTION', '.P2OS

95 9 FORMAT(1OWFAULTY PROCESSIPNG IN PHASE''12)

96 11 FOPMAT(1IOWEND OF CALCULATIONS')

97 END
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:39 SUBROUTIN~E MRTCENI

142 DATA NREAD1', fPRINT,3/

1C: c READ THE NiUMBER OP '.'RIABLESYMIUMBEP OF CONISTR.AINTS ANiD THE ACCI!

PACT
147 READ(riREADfi) NYMYiEPS

149 M1=fMe1

1.51 Nl14-

152 C PEAD COST COEFFICIENITS

153 READrMREADA) rA(2,43,J=2441)

1c C RPEAD PHS

156 C I1ITIALIZE REM1AINiDER OF INiPUT MAiTP.1::

157 Atl2i)=O.O

!62 ZOO3 CONITIN1UE

177 c Elifi SPECIAL1ED IITIALIARTIO1

!78 C !MITIPLIZE FIR.ST POW

179 DO 1200 J=1ii1l

1e1 Dob 1108 1=3,1p1

.Se 1100 CXC+ARIJ)

I V 1200 A(1,j)=-C

187 PETU~RN

END~
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LIST PEITA

:2; C A SUBROUTINE TO CHOOSE THE COLUMfl WITH THE LOWEST PRICE

126 SIJ3ROUTIMIE REIT ( IPASE, CDP JP)

127CON tOM/IiFO.R255),(a5,a5), I2ASr25) .p1,M-N41rlEPS

128 CD='3

29 O 3 =2ri

i3~3 CDJ=ARIPASEiJ)

131 P~O i21 1=3'N2

L32 2l C3J=CDJ+B(IPASEsI-IV4Rt(IJ)

133 IF(CDJ-CD)*2a,23q23

134 22 JP=j

iT.5 caJC~J

13623 COIITIMUE

137 RETJRM

END
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ILIST PAWIA

-:S C R SUBROUTINE TO CHOOSE PIV'OT POW

99 SUBROUJTINE RAWIAtIP)

188 COmmtqf/IrIO/(55)Bta5,251.Is*ASla5),MlMI.Mayti-ti1EPS

lot 1P=-1

102i2=1.0E+ao

103 DO a3 I=3,MZ

1 04 IF'B'I'H2))St3S'31,

1'35 Z1 'Il=B(1,13)/3(1P,M23

106 Fi-O3333

!07 02 '2=Q1

1073 1P=1

109 Z3CONTINULE

10 RET1JPr;

END
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LIST P.10J

a: C A SUBROUTINE TO PERFORM THE PI'JOTNEj OPEPSTION

113 SUBROUTINE PIUO(IP, IPASE, 13W

114 COMt/NO82PGi(~2)*B9(5 qlMpiNP

115 PINV-l./BfIP,MZ)

116 BtIp~I1-3=@

i17 ~ 30 36 J=1,t11

I IS C=B I Ip ,Ji WPINt

119 BI~)

lard DfO 36 1=IPASEPMaZ

121 36 B(Irj)=B(rpJ)--cmB(i'mz)

I__ IBASUIpl=IBU

RETURN
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MODEL VALIDATION RUNS

Following the development and testing of the model using the FY78

data and linear equations, it was necessary to perform validation runs

for each of the three commands. Six basic procedures were used to validate

the model:

1. Total BOS manpower was set at the FY77 value, allowing the

other values to remain at FY78 levles. The model was used

to calculate FY77 manpower by functions, primary workload

indicators, and descriptive indicators.

2. Individual manpower function values were set at FY77 levels.

The model calculated FY77 workload and descriptive indicator

values.

3. Mission population was set at the FY77 level and the model

calculated values for the other indicators.

4. Mission population and workload indicators were set to FY77

values and the model calculated values for BOS manpower and

the descriptive indicators.

5. Values for the FY78 manpower variables and equations, as well

as values for the FY78 workload variables, were replaced

with their corresponding FY77 values. Total BOS manpower

was then set at the FY78 level and the model computed FY78

values for manpower, workload, and the descriptive indicators.

This procedure is sometimes referred to as working the model

backwards.

6. Substituting the FY78 workload indicator values into the

FY77 manpower equations, FY78 manpower values were calculated.

These calculated values were then compared to the actual FY78

manpower values.

This appendix presents the results obtained when each of these

procedures was used. The format of this appendix is arrang;ed so that
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each procedure is presented separately with tables for each command

presented within each procedure. The actual model runs that produced

these tables are presented in annexes to this appendix.

H-4



Procedure 1: Setting Only Total BOS Manpower to the FY77 Level

Tables HI to H3 demonstrate the effect of reducing total FY78 BOS

manpower to FY77 levels while leaving the FY78 equations and other para-

meters unchanged. The resulting values are what the model predicts for

FY77 based upon the FY78 equations. These predicted FY77 values are then

compared with the actual values (as known) in the tables.

ATC and T&C (Tables HI and H3, respectively) both show considerable

deviations for the computed values of MIE and BHO. TAC also shows a

large variation for ADM. However, SAC (Table H2) shows little difference

between the actual and predicted values. Large differences are noted for

all three commands in the values for the indicators of total, supply, and

equipment transactions. Although this may indicate the need for refine-

ment of the equations for these indicators, it is suspected that the

variability of the data for these indicators may be a contributing factor.

Large differences in each command are observed for total population

supported and weighted rations served.

The model runs that computed the predicted FY77 values are presented

in Annex 1.
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Procedure 2: Setting Total BOS Manpower to the FY77 Level and Allocating

the Change to Each Manpower Function

Tables H4 to H6 are similar to the preceding tables except that

the total BOS manpower change is allocated over each manpower function,

setting each to its FY77 level for each command. Surprisingly, while

the predicted values become more accurate for SAC and TAC, there is a

noticeable reduction in accuracy for ATC although the calculated value

of total population supported still shows a relatively large difference

from the actual value in each command. Overall, however, this procedure

seems to be preferable to allowing the model itself to allocate BOS man-

power changes across the functions.

The model runs that produced Tables H4 through H6 are presented

in Annex 2.

Tables H7, H8, and H9 present the slack manpower calculated for

each manpower function within each command for the changes made in

Tables H4 through H6.
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Procedure 3: Setting Only Mission Population to the FY77 Level

When the workload option is chosen, the user has the ability to

control the value of mission population being input to the model. Tables

H10 through H12 show the results obtained when mission population alone

is set at the 1977 level. Again, the predicted values for transaction

indicators and total population supported vary greatly from actual values

in all three commands.

The predicted manpower values for SAC show the least discrepancy

from actual FY77 manpower values while ATC and TAC show some rather

large differences (over 10%) in many of the manpower functions.

The model runs that produced the predicted values for Tables H10,

H11, and H12 are included in Annex 3.

H-16



4-1

H - Cr H UH(- (I 0\ _r1 0JIHH)cnL\ D cy)M zJ

0 4

R 4.
rnI

S o 0 HOt- -I\ H U 0(j U D \0 H' jt-U n W\Clr -O-_r\0-

H \0 (0 M t I _rC)ID ' - \ \ -rA%

w 4

S P4

11 o MV CU - CO ( -V 0 tl I C\' 0M tl -wA C\I 0 a. OT LI- a- 0r M- -4 M
F-4 0 OT0C 0 - \tC TMMG . Lr 0C AO\a l0 M4

r-4 M. f.44 U ~v \ cr-4L\I\Cj - mL\0 ; f OL CU CUI~ \H0 tl r4 \ UrI
00 Ov 0 H (VIrwc V nf l 0 -0HM- - Z935. f4 H0 t I e H Ar M aL\HU N -% %I0 j\

1 4

5.44a

H0 0

4E-

4$4

0 0 r.

Nr $4. U

ad 0
~~4~ 040 3 *1

0 r. M. 0 r. M4 4 -3 -P * I to

00440 0 U 06 H 03 0
1 ,0 0.Ew~ . I=N 04A

t-4 a r- -14J 0 0 P0



a $ 4. . . . .

10 111 1 1 C Jr-f H I _:rDO H I IH
I II

P4

1 OO~*%\0 I N CC) CYOHOO I M

~~~~~~~O M I I CJ~ ~ H~H ~ ~
P,~ iz

CM 0n 0\ t-H r-4~ Lr o0 _-(r t- IH.-\0 a\.cok -4
o~.. C)f (VO-A H - H O n t\HH

E4E4 " 0 (M 404 H

P44

W4 5U O~t( t-O~*'

aOt-~c c G CY IJ 0% 0 -T 0 r-4 c Y l 04 OO0 4 P\IZUr

H-4 CC4(Y ~ tC J

044

4a

00

o "4 co 4 d
wt *4. 00 0 k 5 1. 4 W

1,4 0.4.4 0o 0Q.a4.O.- 0 k ~ m q 4)0
00 m 0) r. 4. 4

H 0 0 0-~ H 0 'A 4& H 5-4 1- 0 544 C .40 Par . r 40 a u ~ w 4
a0 44 * o "4 0 0E-H .44 0a o r

.0au,, r4 0 Hqd0OtWC A ~E-4 r.H
54o w H') 0 No-P0. 54.3 0 )
14 45 F -I H A.4 . ~ 0 $4 -r M4- 4- N

00 Ad OH0 4) Q) 0A00c
4a ~ rE4 +ro

54 - - 4 2 9 rrf4 4 " - -

N -18



0 k04 r1111 H r I rIIHHrI()rIIHO I I IH

0.
0 4

to
to

-P

Ift-O0 O I0\ 0 HM H JIC\ C'.j C% J MH OOC\ tALt\ rH AN\0 _-
0i o 0 I t I H I H- I _3 a\ t-\.o c i A Cf\o 0 \10 CY H- H- H I c'i

z. 4- I0 I (Y I I'0 t) JH J H

020

,H Er% V-4 H H H N\ c0\c'i0 m C C\j O0\ N nco 0 t cot-c ( :

0 0 co- f i.: H H- a% _:r 0 r oH m t-\0 T0 I00 0

PC -'T4 tO

4U
549

CI 0r4 - \ 0U %OI~ (V \C " NM3.c oc 0.rc

U3 UO r4 ~g C'V ccCAI m a H .- 4H(4
C1 o ., 0HOj~

44

434

0T00

44 IV

0 0 r

'I 4j a "44 Il li "'4)

d 0, .- 0 40 0a e o4

V4 P 0 4 d 43 $ r.A mV 0

40jp~. S4 M a m 91 V

0 0 0~51 -H -4SV)00ME



Procedure 4: Setting Mission Population and the Primary Workload Indi-

cators at FY77 Levels

The next step in the model verification process involves entering

the FY77 mission population changes (as was done for Tables H1O - H12)

with the FY77 primary workload indicators. The model will then calculate

values for the other indicators which, in turn, may be compared with the

actual FY77 values. The results of doing this are presented in Tables

H13 through H15.

Total population supported continues to show large differences

between actual and predicted values across all three conmands. However,

the predicted values for the transaction indicators are much closer to

the actual values because values for some transaction indicators are

among the workload values being set for the model. In SAC, though, the

predicted values for total transactions and supply transactions remain much

different than the actual values.

The calculated values for manpower functions in SAC are reasonably

similar to the actual values but ATC and TAC show considerable differences

for these functions.

The model runs that calculated the predicted FY77 values for these
tables are presented in Annex 4.
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Procedure 5: Replacement of FY78 Values with Corresponding FY77 Values

and Setting Total BOS Manpower to the FY78 Level (Working

the Model Backwards)

In order to further test the model, the values and equations for

the FY78 manpower variables as well as the FY78 values for the workload

variables were replaced with their corresponding FY77 values. In effect,

the model was modified so as to produce FY77 values rather than FY78

values. Total BOS manpower was then set to the FY78 level and the model

calculated FY78 values for the manpower, workload and descriptive indi-

cators. The FY77 manpower equations that were used for this procedure

are shown in Tables H16, H17, and H18. The results obtained from per-

forming this procedure for each command are displayed in Tables H19 - H21.

For ATC, most of the predicted values were only slightly higher

than the actual FY78 values except for, again, most of the transaction

indicators as well as dorm beds, aviation fuel cor3umption, and many

of the manpower functions. It should be noted, however, that the quality

of data for these indicators is not as good as it might be.

SAC and TAC, on the other hand, generally have predicted values

that are substantially below the actual FY78 values. The predicted

manpower values for SAC, though, are generally very close to the actual

values.

The model runs that produced the predicted FY78 values for these

tables are displayed in Annex 5. The listings of the model data values

and equations for these runs are presented in Annex 6.
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TABLE H16

FY77 MANPOWER EQUATIONS FOR ATC

-660.3 - -ADM + .0456 (BASE POPULATION) + .0072 (TOTAL TRAVEL TRANSACTIONS)

-455.7 - -RSO + .00323 (TOTAL SUPPLY TRANSACTIONS)

25.9 - -MIE + .134 (TOTAL VEHICLES)

-1393.9 - -OBS + .0070 (TOTAL POPULATION SUPPORTED)

-142.5 - -MWR + .0060 (MILITARY POPULATION) + .0028 (STUDENT POPULATION)

-426.1 - -OPS + .0057 (TOTAL POPULATION SUPPORTED) + .0018 (WEIGHTED
RATIONS SERVED)

-132 - -BHO + .0050 (SQUARE FEET OF DORM SPACE)
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TABLE H17

FY77 MANPOWER EQUATIONS FOR SAC

-201.9 - -ADM + .0500 (BASE POPULATION) + .0084 (TOTAL TRAVEL TRANSACTIONS)

-4419 = -RSO + .0037 (SUPPLY ITEM RECORDS) + .0106 (AVIATION FUEL
CONSUMPTION)

+494 - -MIE + .5157 (MILITARY VEHICLES)+ .35 (TOTAL ANNUAL MILEAGE)

-3129.9 - -OBS + .0143 (TOTAL POPULATION SUPPORTED)

-598.5 - -MWR + .0033 (MILITARY POPULATION)

-1256.3 - -OPS + .0016 (TOTAL POPULATION SUPPORTED) + .0023 (WEIGHTED
RATIONS ADDED)

-286 - -BHO + .000466 (MILITARY POPULATION)
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TABLE H18

FY77 MANPOWER EQUATIONS FOR TAC

-529.5 - -ADM + .0392 (BASE POPULATION)+ .0152 (TOTAL TRAVEL TRANS-

ACTIONS)

-1597 - -RSO + .00182 (TOTAL TRANSACTIONS PROCESSED)

-777.4 - -MIE + .00160 (TOTAL EQUIPMENT TRANSACTIONS) + 2.459 (AIRCRAFT
TRACTORS)

-2760.9 - -OBS + .0102 (TOTAL POPULATION SUPPORTED)

-460.5 - -MWR + .0025 (MILITARY POPULATION)

-471.8 - -OPS + .0026 (TOTAL POPULATION SUPPORTED) + .0030 (WEIGHTED
RATIONS SERVED)

-102 - -BHO + .0161 (SQUARE FEET OF DORM SPACE)
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TABLE H19

COMPARISON OF PREDICTED FY78 VALUES WITH ACTUAL FY78 VALUES

USING FY77 MANPOWER EQUATIONS: TOTAL BOS MANPOWER SET AT

FY78 LEVEL FOR ATC

ABSOLUTE PERCENT
ACTUAL FY78 PREDICTED DIFFERENCE DIFFERENCE
INDICATOR FY78 INDI- ACTUAL - ACTUAL -

VARIABLE LABEL VALUE CATOR VALUE PREDICTED PREDICTED

Total BOS Manpower 14816 14816 0 0.0
Administration 4607 4230 -377 - -8.9
Retail Supply Operations 3027 3965 938 31.0
Maintenance of Installation Equip. 652 454 -198 -30.4
Other Base Services 3069 2607 -462 -15.1
Morale, Welfare & Recreation 542 509 -33 -6.1
Other Personnel Support 2678 2848 170 6.4
Bachelor Housing Operations 241 202 -39 -16.2

Base Population 62559 64897 2338 3.7
Total Travel Transactions 81949 84833 2884 3.5
Supply Transaction 1062509 1086460 23951 2.3
Total Vehicles 3472 3583 111 3.2
Total Population Supported 167011 173275 6264 3.8
Square Feet of Dorm Space (x 1000) 13554 14059 505 3.7
Military Population 41727 43286 1559 3.7
Student Population 36798 38133 1335 3.6
Weighted Rations Served 771771 796935 25164 3.3

BOS Budget 484 441 -43 -8.9
Transactions Audited 352628 318392 -34236 -9.7
Leave and Pay Accounts 82545 85632 3087 3.7
Civilian Pay Records 24112 25013 901 3.7
Material and Services Transactions 79791 66938 -12853 -16.1
Mission Population 47743 50081 2338 4.9
Total Transactions Processed 1277155 1305945 28790 2.3
Requisitions 66740 68245 1505 2.3
Equipment Transactions 88879 90883 2004 2.3
Receipts 59027 60358 1331 2.3
Total Inventory Item Records 453401 640994 187593 41.4
Supply Item Records 384415 542974 158559 41.3
Equipment Item Records 69334 98021 28687 41.4
Aviation Fuel Consumption 15132 18530 3398 22.5
Military Vehicles 1080 U15 35 3.2
Aircraft Tractors 40 41 1 2.3
Special Handling Vehicles 1040 1073 33 3.2
Non-Military Vehicles 2392 2469 77 3.2
General Purpose Automobiles 478 493 15 3.1
All Purpose Trucks 1914 1975 61 3.2
Dorm Beds 62114 45987 -16127 -26.0
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TABLE H20

COMPARISON OF PREDICTED FY78 VALUES WITH ACTUAL FY78 VALUES

USING FY77 MANPOWER EQUATIONS: TOTAL BOS MANPOWER SET AT

FY78 LEVEL FR SAC

ABSOLUTE PERCENT
ACTUAL FY78 PREDICTED DIFFERENCE DIFFERENCE
INDICATOR FY78 INDI- ACTUAL - ACTUAL -

VARIABLE LABEL VALUE CATOR VALUE PREDICTED PREDICTED

Total BOS Manpower 28905 28905 0 0
Administration 7049 6709 -340 -4.8
Retail Supply Operations 7900 7753 -147 -1.9
Maintenance of Installation Equip. 2179 2063 -116 -5.3
Other Base Services 7822 8287 465 5.9
Morale, Welfare & Recreation 903 921 18 2.0
Other Personnel Support 2720 2840 120 4.4
Bachelor Housing Operations 332 332 0 0.0

Base Population 131322 114857 -16465 -12.5
Total Travel Transactions 106779 91032 -15747 -14.8
Supply Item Records 921863 817638 -104225 -11.3
Aviation Fuel Consumption 79346 70020 -9326 -11.8
Military Vehicles 4656 4384 -272 -5.8
Total Annual Mileage (Millions) 880 848 -32 -3.6
Total Population Supported 412551 360650 -51901 -12.6
Square Feet of Dorm Space (x 1000) 9395 8767 -628 -6.7
Military Population 111643 97628 -14015 -12.6
Weighted Rations Served 456186 437613 -18573 -4.1

BOS Budget 882 824 -58 -6.6
Transactions Audited 610702 547915 -62787 -10.3
Leave and Pay Accounts 130544 114176 -16368 -12.5
Civilian Pay Records 21510 18813 -2697 -12.5
Material and Services Transactions 126881 110888 -15993 -12.6
Mission Population 102417 85952 -16465 -16.1
Total Transactions 2842420 2489408 -353012 -12.4
Supply Transactions 2376568 2081413 -295155 -12.4
Requisitions 142565 124858 -17707 -12.4
Equipment Transactions 193415 169396 -24019 -12.4
Receipts 129872 113742 -16130 -12.4
Total Inventory Item Records 1042990 961787 -812C3 -7.8
Equipment Item Records 121127 144150 23023 19.0
Total Vehicle Equivalents 32201 31260 -941 -2.9
Total Vehicles 14601 13748 -853 -5.8
Aircraft Tractors 321 302 -19 -5.9
Special Handling Vehicles 4335 4082 -253 -5.8
Non-Military Vehicles 9945 9364 -581 -5.8
General Purpose Automobiles 1221 1149 -72 -5.9
All Purpose Trucks 8724 8214 -510 -5.9
Dorm Beds 41837 39401 -2436 -5.8
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TABLE H21

COMPARISON OF PREDICTED FY78 VALUES WITH ACTUAL FY78 VALUES

USING FY77 MANPOWER EQUATIONS: TOTAL BOS MANPOWER SET AT

FY78 LEVEL FOR TAC

ABSOLUTE PERCENT
ACTUAL FY78 PREDICTED DIFFERENCE DIFFERENCE
INDICATOR FY78 INDI- ACTUAL - ACTUAL -

VARIABLE LABEL VALUE CATOR VALUE PREDICTED PREDICTED

Total BOS Manpower 18791 18791 0 0.0
Administration 5180 3760 -1420 -27.4
Retail Supply Operations 5208 5577 369 7.1
Maintenance of Installation Equip. 1236 1691 455 36.8
Other Base Services 4427 5105 678 15.3
Morale, Welfare, & Recreation 626 592 -34 -5.4
Other Personnel Support 1875 1885 10 0.5
Bachelor Housing Operations 239 180 -59 -24.7

Base Population 98039 61070 -36969 -37.7
Total Travel Transactions 84562 55023 -29539 -34.9
Total Transactions Processed 2888476 2186801 -701675 -24.3
Equipment Transactions 220525 138716 -81809 -37.1
Aircraft Tractors 404 281 -123 -30.5
Total Population Supported 368987 229847 -139140 -37.7
Square Feet of Dorm Space (x 1000) 6881 4867 -2014 -29.3
Military Population 84645 52727 -31918 -37.7
Weighted Rations Served 344877 271890 -72987 -21.2

BOS Budget 570 425 -145 -25.4
Transactions Audited 425233 330551 -94682 -22.3
Leave and Pay Accounts 99647 62071 -37576 -37.7
Civilian Pay Records 14978 9330 -5648 -37.7
Material & Services Transactions 87098 54604 -32494 -37.3
Mission Population 79248 42279 -36969 -46.7
Supply Transactions 2396100 1839396 -556704 -23.2
Requisitions 152659 117191 -35468 -23.2
Receipts 119192 91499 -27693 -23.2
Total Inventory Item Records 929105 1021350 92245 9.9
Supply Item Records 812221 892861 80640 9.9
Equipment Item Records 116884 128489 11605 9.9
Aviation Fuel Consumption 45291 56822 11531 25.5

Total Vehicles 11347 7902 -3445 -30.4
Military Vehicles 4482 3121 -1361 -30.4
Special Handling Equipment 4078 2840 -1238 -30.4
Non-Military Vehicles 6865 4781 -2084 -30.4
General Purpose Automobiles 736 513 -223 -30.3
All Purpose Trucks 6129 4268 -1861 -30.4
Dorm Beds 32138 22571 -9567 -29.8
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Procedure 6: Calculation of FY78 Manpower by Substitution of FY78

Workload Values into FY77 Manpower Equations

This last procedure that was used to verify the model was to

substitute FY78 workload values into the FY77 manpower equations in order

to obtain calculated values of FY78 manpower. The results of this procedure

are presented in Tables H22, H23, and H24.

As can be seen, the predicted values for many individual manpower

functions show substantial variations from the actual manpower values

across all three comiands. The predicted total BOS manpower functions

for ATC and SAC, however, vary only about 8% from the actual total BOS

manpower. On the other hand, the predicted value for TAC is off by more

than 30% from the actual value. This probably reflects the nearly 24%

drop in actual BOS manpower for TAC from FY77 to FY78.
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TABLE H22

SUBSTITUTION OF FY78 WORKLOAD VALUES INTO FY77

MANPOWER EQUATIONS FOR ATC

PREDICTED FY78 ACTUAL FY78 PERCENT
MANPOWER VALUE MANPOWER VALUE DIFFERENCE

ADMINISTRATION 4103.0 4607 -10.9

RETAIL SUPPLY OPERATIONS 3887.6 3027 28.4

MAINTENANCE OF INSTALLATION
EQUIPMENT 439.3 652 -32.6

OTHER BASE SERVICES 2563.0 3069 -16.5

MORALE, WELFARE, AND
RECREATION 495.9 542 -8.5

OTHER PERSONNEL SUPPORT 1915.1 2678 -28.5

BACHELOR HOUSING OPERATIONS 199.8 241 -17.1

TOTAL 13603.7 14816 -8.2
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TABLE H23

SUBSTITUTION OF FY78 WORKLOAD VALUES INTO FY77

MANPOWER EQUATIONS FOR SAC

PREDICTED FY78 ACTUAL FY78 PERCENT
MANPOWER VALUE MANPOWER VALUE DIFFERENCE

ADMINISTRATION 7664.9 7049 8.7

RETAIL SUPPLY OPERATIONS 8182.4 7900 3.6

MAINTENANCE OF INSTALLATION
EQUIPMENT 2215.1 2179 1.7

OTHER BASE SERVICES 9029.3 7822 15.4

MORALE, WELFARE, AND
RECREATION 966.9 903 7.1

OTHER PERSONNEL SUPPORT 2965.6 2720 9.0

BACHELOR HOUSING OPERATIONS 331.6 332 -0.1

TOTAL 31355.8 28905 8.5
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TABLE H24

SUBSTITUTION OF FY78 WORKLOAD VALUES INTO FY77
MANPOWER EQUATIONS FOR TAC

PREDICTED FY78 ACTUAL FY78 PERCENT
MANPOWER VALUE MANPOWER VALUE DIFFERENCE

ADMINISTRATION 5658.0 5180 9.2

RETAIL SUPPLY OPERATIONS 6854.0 5208 31.6

MAINTENANCE OF INSTALLATION 2123.7 1236 71.8
EQUIPMENT

OTHER BASE SERVICES 6524.6 4427 47.4

MORALE, WELFARE, AND
RECREATION 672.1 626 7.4

OTHER PERSONNEL SUPPORT 2645.8 1875 31.5

BACHELOR HOUSING OPERATIONS 212.8 239 -11.0

TOTAL 24691.0 18791 31.4
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ANNEX 1

Model runs used to compute FY77 indicator values by set-

ting total FY78 BOS manpower to the FY77 level (Tables

HI, H2, and H3)
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--O: PG

AIR FORCE BASE OPERATING SUPPORT
AGGREGATE WORKLOAD INDICATOR MODEL

ENlTER COMMANDS (1=RTCqS=SAC,3=TAC):

ENTER CHANGE OPTION V l=MANPOWER, .=WORKLOAD):
I

ENTER TYPE OF CHANGE SPEC. tl=RBSOLUTEya-PERCENT,3=NO OVERALL CHANGE SPEC.j:

ENTER ABSOLUTE CHANGE:

EBITER THE NUMBER OF FUNCTIONS FOR WHICH CHANGES WILL BE SPECIFIED:

IS THERE A CHANGE IN THE NUMBER OF BASES (1=YESs=NO)Y'

EITER PRINT OPTION AS FOLLOWS:
I=DISPLRY MILITARY/CIJILIAN BREAKOUT
2=DISPLAY TOTAL MRNPOWER ONLY

PRINT OPTION IS:
2

AIR TRAINING COMMAND

FUNCTIONAL MANPOWER 'TOTAL

FUCTION FY78 CHANGE PESULTARIT PEPCENT
MANPOWER MRNPOWER CHANGE

ADMIIISTPATION a' . -199.8 ,,- ci?.2 -...
PETAIL SUPPLY OPEFRATIONS 'A027.8 -99.6 a2. , -. '9
MAINTENANCE OF INSTALLATION EQUIPMENT 65a.o -29. 5 P.Ea. c - :. s
OTHER BASE SER"ICES 3069.0 -135.S a933.7
MORALE WELFARE ': RECREATIONl 5"a.l -17.7 Sa. -:.-"r
OTHER PERSONNEL SUFPOPT 267.0 -I47.4 a5s0.6 -5.7!
-I;CHELOR HOUSING OPERATIONS ,?.. -5.6 a32." -.
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MANPOWER SLACK VARIABLES

FUNCTION SLACK

ADMINISTRATION L.
ETAIL. SUPPLY OPEPATIOMS

MAINTEIANCE OF INSTALLATION EQUIPMENT 0.
OTHER BASE SERUICES 0.
,MORPLE WELFARE & RECREATION 0.
OTHER PERSOMNEL SUPPORT 13.
BACHELOR HOUSING OPERATIONS r0.

nUTPUTWOPKLOAD

WORKLOAD INDICATOR F,78 CHANGE RESULTANT PERCENT
11NDICATOR :NDICATOR CHANGE

ADMINISTRATION INDICATORS:
TRAVEL TRANSACTIONS PPOCESSED 8194?. 0 -,44* 3 77,'64. 7 -5.5
BOS BUDGET "83.6 -221. 6 a1.O -4.7
TRANSACTIONS AUDITED ?52628.- -33160.. ,,44.7.5 -5..
LEAVE AND PAY ACCOUNTS 82546.6 -482.6 77724.0 -5.8
CIVILIAN PAY RECORDS 411t.. -1.108.7 22703.a -.
r.lATEPIAL SEP'ICES TRANSACTIONS 79790.9 -6818. 7 2972. S -8.5

POPULATION INDICATORS:
TOTAL POPULATION SUPPOPTEDINCL DEP.) t67011.0 -977.7.3 157274.0 -5.8
BASE POPULATION ia559. 0 - 2654. S,.. 1 -5

OS POPULATION 14816.0 - i.tiT.O -4..
MILITARY POPULATION 217-7.0 -a437. '? 39$89.1 -.
STUDENTS , . -4095. 3 3.702.7 -I.-
MISSION POPULATION -774S.0 -:02'5. 4471.1 -6.3

SUPPLY INDICATORS:
TOTAL TRANSACTIONS i -71155. O -45012.i 1232142. .  -3.5

SUPPLY TRANSACTIONS 1062509.0 -37447.! 1025061.9 -:.5
REQUISITIONS ,6740.0 -352.. 6"3S87. 3 -3.5
EQUIPMENT TRANSACTIONS :8S79.0 -3132.5 ::5741.6 -3.5
RECEIPTS 59027.0 -aoe. .3 76 .6 -

TOTAL INVEITORY ITEM RECORDS 453401.3 -18-.0 0 .35277.0 -4. r
SUPPLY ITEM PECORDS 54067.2 -15352.5 36...... -a 0
EQUIPMENT ITEM RECORDS "?333". -2771 .5 =,"

A"lIATION FUEL CONSUMPTION 153'.,J -"2... ::' -

rAIfiT OF INSTA EQUIP INDICATOPS:
TOTAL UEHICLES . - "'. 3 " O

MILITARY VEHICLES 108 .0 0
AIRCRAFT TRACTORS .;0. O -2.0 . -5. 0
SPECIAL HANDLING 1040.0 -54.0 .

til.:N-MIL"ARY "EHICLES 392.0 - -2272
IEIIERAL PUPPOSE AUTO "'. . -23.. ". -
ALL PURPOSE TRUCKS Q914..
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BACHELOR HOUSING INDICATORS:
SQ FT DORM SPACE 3554.0 -792.9 ICEI.I -9.9
DORM BEDS 62!3.7 -3568.1 T8545.6 -5.

OTHER PERSONNEL SUPPORT:
WEIGHTED RATIONS SERVED 771771.0 -39479.6 732Z91 .4 -5.1

EITER ITERATION OPTION AS FOLLOWS:
1=ACCUMULATE CHANGESP=BEGIN NEW C'eCLEs3=$TOP
ITERATION OPTION=

$,CP PUll COMPLETE
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AIR FORCE BASE OPERATiNG SUPPORT
AGGREGATE WORKLOAD INDICATOR MODEL

ENTEP COMMANDS (1=ATC,2=SAC,3=TAC):
2

EfTEP CHAtNGE OPTION I =MAtlPOWEPy S=WOPKLO-lD):

ENITER TYPE OF CHANGE SPEC. '1=ABSOLUTE,2=PERCENT,3=NO O'.'ERALL CAimGE SPEC.):
I

EITER ABSOLUTE CHANGE:
1320

EWlrEP THE NUMBER OF FUNCTIONS FOR WHICH CHANGES ILL BE SPECIF!ED:
0

IS THEPE A CHANGE It I THE NUMBER OF BASES I =YES, 24Oi?

ENTEP PPINT OPTION AS FOLLOWS:
1=DISPLAY MILITARY.-CIUILIAN BREAKOUT
2SDISPLA, TOTAL MANPOWER ONLY

FPIIIT OPTION IS:

STRATEGIC AIR COMMAND

FUNCTIONAL MANPOWER iTOTALS

FUICTT ON F,'7 CHAtICE RE4ULTANT PERCENT
PIANPOIIEP MHArIPRI 'IE CHANGE

PD INISTRAT ION 70.. 0 "3. '. t. ,:33
.FETAIL SUPPLY OPEPATIONS 740. *- 6' .. . $.
MAINTENANCE OF INSTALLATION EOUIPMIENT at 1. A ... I
OTHER BASE SERVICES 'S .u -f 5. 6 *cZ'37.6 T.
MORALE WELFARE ' RECREATION 903. u 29.0 3.0 3.22
OTHER PERSONNEL SUPPOPT a.' , Q T-9. 1 :77?.! ii. 17
-PCHELOR HOUSING OPERATIONS 32.0 -. 1 .

'TAL a.9rcl.o i ":'u. 0 ?'25.0 -7
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MANPOWER SLACK VARI ABLES

niricr~hi- SLACK

ADINISTRATION 0.
ETARIL SUPPLY OPERATIONS 0.
MAINTENANCE OF INSTALLATION EQUIPMENT 0.
OTHER BASE 5CR')ICES ,.
MORALE WELFARE C RECREATION 0.
OTHER PERSONNEL SUPPORT O.
BACHELOR HOUSING OPERATIONS 0.

OUTPUT.'WORKLOAD

WOPKLOAD INDICATOR F7 CHANGE PESULTANT PERCENT
INDICATOR INDICATOR CHANGE

ADMINISTRATION INDICATORS:
TRAVEL TRANSACTIONS PROCESSED 106779.0 10424.5 117203.5
30S BUDGET :-:82.1 3:8.7 .280. -5

TRANSACTIONS AUDITED 610701.6 aI969.0 652670.5 t=.'?
LEAVE AND PAY ACCOUNTS i30544.0 :0'0. 8 "1-:4. 9 :.4
CIVILIAN PAY RECORDS Z1510.0 1802.7 .321:2.: 8.4
MATERIAL ' SERVICES TRANSACTIONS 126881.2 10690.5 137571.7 8.

POPULATION INDICATORS:
TOTAL POPULATION SUPPORTDLtINCL DEP) -12551.0 34358.9 '46910.0 .3
BASE POPULATION 121322.0 11006.0 .38.0 :3.a
3OS POPULATION 2'305.0 1320.0 30225.0 ;.6
MILITARY POPULATION 1I13.0 9335.8 :20978.8 . -
MISSION POPULATION 102417.0 .686.0 :1=103.0 9.5

SUPPLY INDICATOPS:
TOTAL' TRANSACTIONS 2842419. 25870.2 107S289.I

SUPPLY TRANSACTIONS 2376566.0 19722..7 -57 3 73O.6 x3
REQUISITIONS 1,Z2565.0 11831.3 154396.3 8.3
EQUIPMENT TRANSACTIONS 193415.0 i6o,9. 0 -"0964.0 8.3
PECE:PTS 129872.0 10777.3 :4O6'9,3 8.3

TOTAL INVENTORY ITEM RECORDS 1084:37.4 :1917.-7 1166304.8
SUPPLY ITEM RECORDS 921863.0 69639.9 791502.? 7.6
EQUIPMENT ITEM PECORDS 16 524.5 1 277.5 :74:802.0 7.6

AVIATION FUEL CONSUMPTION 79'.46.O 6231. 35!77. 7. ?

MRINT OF INSTA EQUIP INDICATORS:
TOTAL MILEAGE P"80. 0 0. 90.9 .
TOTAL VEHICLE EQUI'.'ALENTS 33200. 5 .= 52.7 1"53..=' il.
TOTAL VEHICLES 1'601." 550.9 151 .!

MILITARY .IEHICLES -656.0 175.7 a S,11:?1. 7 ",.,
AIRCRAFT TPRACTORS '20.8 Z. 332.9 .
SFECIAL HANDLING a.:35.2= 1 l:.6 ,95. .

riOri-ILITARY tEHLCLES 99-5. $75.Z. :0320.5
GEIIERAL PURPOSE AUTO 20. :: -6. .I-E. .
ALL PURPOSE TRUCKS %"72a. ,9.2 905'. .
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BACHELOR HOUSING INDICATORS:
S rT DORM SPACE 9395.0 418.1 9813. 1 .3
DORM BEDS -12 37.0 162. 7 43459.7 3.9

OTHER PERSONNEL SUPPORT:
WEIGHTED RATIONS SERIED 456186.0 13415.0 468601.0 Z.7

ENTER ITERATION OPTION AS FOLLOWS:
i=ACCUMiJLATE CHANGES,=BEGII NEW CYCLE,3=STOP
ITERATION OPTIONz

"TCP RUN COMPLETE
sF,12 S: 6.9

H-42



B..OSF'G

IPR FORCE BASE OPERATING SUPPORT
AGGREGATE WORKLOAD INDICATOR MODEL

ENTER COMMANDS 1l=ATCY .aSAC, 3=TRC):
3

ETITER CHANCE OPTION t I=MAtNPOWERY=WORVLOAD):
I

ENTER TYPE OF CHANCE SPEC. (1=ABSOLUTE,2=PERCENT,3=NO O'.ERALL CHANGE SPEC.:*.:
1

ENTER ABSOLUTE CHANGE:

ENTEP THE NUMBER OF FUNCTIONS FOR WHICH CHANGES 1ILL BE SPECIFIED:
3

ZS THERE A CHAICE IN THE NUMBER OF BASES (1=YESi=NO).":

ELITER PRINT OPTION AS FOLLOWS:
: =DISPLhY MILITARY/C IVILIRN BREAKOUT
2=DISPLAY TOTAL MANPOWER ONLY

PPINT OPTION IS:

TACTICAL AIR COMMAND

'UIICTIOIIAL MANPOWER 'TOTPL.

FUNCTION F7,78 CHALIGE RESULTANIT PERCEN1T
fiANPOIEP MArIrPOWER CHANGE

.DMII.ISTRAT0N 1:. 1539.: 6 . .' 9" . a'. 7:
FETAIL SUPPLY OPEPRATIONS 5203.0 92.O', 6000.0 15.j-1
MAINTENANCE OF INSTALLATION EQUIPMENT 1236.l3 133.8 1 , 6 9." 10.32
OTHER BASE SER"'ICES "t27.0 565.- -*92. 1±.77
MJRALE WELFARPE " RECREATION 1.16.O -A. 5 Ir:.: ,-
OTHER PERSONNEL SUPPORT 1875.373 333. a 8. " ".7
! iCHELOR HOUSING OPERATIONS 239.0 54.2 293.2 a2.i7

1-43791.3 "64.3 " ±".3 I

1-43



MANPOWER SLACK QRPJABLES

FlJNCTION SLACK

ADMINISTRATION 0.
RETAIL SUPPLY' OPERATIONS 0.
MiINTENAII E OF INSTALLATION EQUIPMENT 0.
OTHER BASE SERVICES
MORALE WELFARE & RECREATION 0.
OTHER PERSONNEL SUPPORT 0.-ACHELOR HOUSING OPERATIONS 0.

OUTPUT/WORKLOAD

WORKLOAD INDICATOR F'78 CHANCE RESULTANT PERCENT
IIlDICATOR INDICATOR CHANGE

ADMINISTPRTION INDICATOPS:
TRAVEL TRANSACTIONS PROCESSED 84562.0 26672.0 111234.0 .31.5
OS BUDGET 269.9 157.0 76. 27.5

TRANSACTIONS AUDITED "25-33.1 S02712.4 52745.5 4.. I
LEAVE AND PAY ACCOUNTS 996., 33927.9 133574.7 34. 0
CIMILIAN PRY PECORDS 1497.4 TA99.9 20078.3 34.0
MATERIAL " SERVICES TRANSACTIONS 87098.4 3S216.4 1231. "0.4

POPULATION INDICATORS:
TOTAL POPULATION SUPPORTED(INCL DEP) 368987.0 125633.3 4946,O.3 3..0
BASE POPULATION 98039.0 33380.4 131419.5 3,.0BOS POPULATION "2791.0 "64.0 2-255.0 1.4
MILITARY POPULATION :4645.0 28820.0 I13T65.0 34.0
MISSION POPULATION 794:.0 29916.4 :0916. Zr.

SUPPLY INDICATORS:
TOTAL TRANSACTIONS 2888476.0 633560.S: 3522036.8 21.9

SUPPLY TRANSACTIONS 2396108.0 92663.2 2898763.2 21..)
REQUISITIONS 1526,9.0 32025.4 :84684.+ i.0
EQUIPMENT TRANSACTIONS 220525.0 73867.6 Z94392.6 :33.5
RECEIPTS ! 1919.0 2.-"21:004.6 1441?6.6 21. 0

TOTAL INVENTORY ITEM RECORDS 929105.0 197992.$ 1127097.8 2!..-
SUPPLY ITEM RECORDS 812221.0 173084.7 985305.7
EQUIPiENT ITEM RECORDS 116:38. 0 2"t908.0 i--179.I I

AVIATION FUEL CONlSUMPTION 5-91. 0 24749.1 70040.1 54.

MAINT OF INSTR EQUIP INDICATORS:
TOTAL UEHICLES I 137.0 :3 110.8 14457. E7.

MILITARY VEHICLES .-t:8. 0 1228.7 57!0.7
AIRCRAFT TRACTORS .104.0 110.8 514-. 3
SPECIAL HIDLING 078.0 111S.0 5196.0 '7.

NOti-MILITARY 'EHICLES 6365.0 1:3?2.0 :277.0 .
;ENEPAL PUPPOSE AUTO 7S6.0 201.3 937.:" 2-.-
ALL PUPPOSE TRUCIS 61-l9.0 1680.2 7309.3 _
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-:-CHELOR HOUSING INDICATORS:
SO FT DORM SPACE 6881.0 1818.5 8699.5 -6.4
DOPM BEDS ".3213., 8638.2 40776.. 26.9

OTHER PERSONNEL SUPPORT:
WEIGHTED RATIONS SER'ED 344877.0 65982.3 410,79.3 19.1

EITER ITERATION OPTION AS FOLLOWS:
!=ACCUMULATE CHANGESPEBEGIN NEW CYCLE33=STOP
ITERRTION OPTION-

STOP PUN COMPLETE
5Pj'S:H6.4
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ANNEX 2

Model runs used to compute FY77 indicator values by setting

total FY78 BOS manpower to the FY77 level-and allocating

the change to each manpower function (Tables H4, H5, and

H6)
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AIR FORCE BASE OPERATING SUPPORT
RGGREGATE WORKLOAD INDICATOR MODEL

EHTER COMMANDS 1l=ATCp=SAC,3sTAC):
I

ENTER CHANGE OPTION 1 =MAfHPOWERp 2=WORKLOAD):

ENTER TYPE OF CHANGE SPEC. tl=ABSOLUTE, 2=PERCENT,-3=IO OVERALL CHANGE SPEC.-:

EIITER ABSOLUTE CHANGE:
-629

ENITER THE NUMBER OF FUNCTIONS FOR WHICH CHANGES WILL BE SPECIFIED:
7

ENTER METHOD BY WHICH FUNCTION CHANGES WILL BE SPECIFIED AS FOLLOWS:
'=ABSOLUTE IUMBER OF PEOPLE

•--PERCENIT OF FUNCTION MANPOWER
3=PERCENT OF BOS MANPOWER
.a=PERCENT OF TOTAL CHANGE

METHOD:
I

ENTER FUNCTIONS AND ASSOCIATED CHANGES irONE F1JICTION PER. LUIME
USING THE FOLLOWING tlUMBERS TO DENOTE FUNCTIONS:

, =ADM I I STRAT ION
2=RETAIL SUPPLY OPERATIONS
?=MRINTEIMIACE OF INSTALLATION EQUIPMENT

=O)THER BASE SERVICES
5=tIORRLE WELFARE & RECREATION
6=OTHEP. PERSONNEL SUPPORT

'=BACHELOR HOUSING OPERATIONS

F1NCTION, CHARNGE:
11 -459
FIJi I.TI ON -CHANGE:

FJ.INCTIOM, .i:HAHGE:
S , -- 1:30

F1INCTIOI, IHANGE:

FlJIiCT IOl, CHANGE:
S 1-40
FII ICT I C, CHAt IGE:
6, -1.34

I 1 ONl CHANGE:
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THEPE A CHANGE IN THE NUMBER OF BASES (1=YESa=NO)?

ENTER PPINT OPTION AS FOLLOWS:
!=DISPLAY MILITARY/CIVILIAN BREAKOUT
Z=DISPLRY TOTAL MANPOWER ONLY

PPINT OPTION IS:

RIP TRAINIG COMMAND

FUNCTIONAL MANPOWER 1 TOTRLi

F1IJCTIOM FY78 CHANGE RESULTANT PERCENT
MANPOWER. NARNPOWER CHRNGE

RIVINISTPRTION -607.0 aI s. tS8 -9.96

PETAIL SUPPLY OPERATIONS $027.0 76.0 3103.0 .51
NHINITErIARICE OF INSTALLATION EQUIPMENT 652.0 -1130.0 522.0 -1?.94
OTHER BASE SERVICES .3069.0 f 99.0 3168.' Q ."

MOPRALE WELFARE & RECRERTION 542.0 -- 0.O 502.0 -38

OTHER PERSOINEL SUPPORT -678.0 - 1 4. P1 2544. 0 -5. ow
BACHELOR HOUSING OPERATIONS 241.0 -41.0 200.0 -17.01

TOTRL 148516.0 -. 0 I.7.0 -. 25

MANPOWER SLACK 1APIRBLES

Fii ICTI ON SLACK

PflI)M ISTRATION -?9.12
PETPIL SUPPLY OPERATIONS 5:0.34
MAIn.ENANCE OF INSTALLATION EQUIPMENT 1i.i
OTHER BASE SERVICES 7"8.*6
MtOPALE WELFARE & RECREATION 45.00
OTHER PERSONNEL SUPPORT 572. 51
SCHELOP HOUSING OPERATIONS
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OUTPUT/WORKLOAD

WORKLOAD INDICATOR FY78 CHANGE RESULTANT PERCENtT
INDICATOP INDICATOR CHANGE

ADMINISTRATION INDICATORS:
TPA'.EL FAti, ACTIONS PROCESSED 0199. -5o9. s 60419.2 -26..3
30S BUDGET 483.6 -108.3 $i75.3 -22.4
TRANSACTIONS 0UDITED 35262.4 -87102.9 Z65525.4 -24.7
LEAR'E AND PAY ACCOUNTS 82546.6 -23115.3 59a31.3 -ZS.&
CWUILIAN PAY PECORDS .411.1 -6752.1 17361.1 -28.0
MATERIAL Q SERUICES TRANSRCTIONS 79790.9 -32700.7 47090.2 -41.

POPULATION INIICATOPS:
TOTAL POPULATION SUPPORTEDt INCL DEP) !67011.03 -46752.2 ItOa58.8 -28.0
BASE POPULATION 6255o9. 0 -!7513.2 a504O.8 -.8.0
OS POPULATION 148:16.3 -6129.3 14187.0 - .Z

MILITARY POPULATION 41727.0 -11684-3 3004Z.2 -28.0
STUDENTS 36798.0 -10031.:3 26766.7 -27.3
MISSION POPULATION a7743.0 -16889.2 53.3 -35.4

SUPPLY INDICATORS:
TOTAL TRANSACTIONS 12-755.@ -Z 15736.9 1161413. -16.9

SUPPLY TRANSACTIONS 1062509.0 -t79479.0 838330.1 -16.9
PEGUISITIONS 66740.0 -11273.7 55466.3 -16.9
EQUIPMENT TPRANSACTIONS 88'79. -15013.4 73865.6 -16.9
RECEIPTS 590F'7. 0 -997:.8 49056.2 -16.9

TOTAL ItNIENTOPl I TEM PECORDS "53401.0 -86867.E 366533.5 -19.2
SUPPLY ITEM RECORDS 384167.2 -73583.7 310483.5 -19.2
EQUIPMENT ITEM RECORDS 69333.8 -13i.33.3 5650.0 -19.1

AVIUATION FUEL CONSUMPTION i5132 .0 275.3 !Z4037.3 !.S

MrINT OF INSTA EQUIP INDICATORS:
TOTAL ')EHICLES 3472.0 -833.3 2639.' -2a. 1-

MILITAR' OEHICLES 1080.0. -259.1 :20.9 -2.
AIRCRAFT TRACTOPS 40.0 -9.6 30o. -2-.03
SPECIAL HANDLING :30. 0 -Z49.5 790.5 -24.O

HON-MILITARY VEHICLES 2392.0 -573.9 1318.1 --'.0
GENERAL PURPOSE AUTO a78.0 -114.7 363.3 -Z4.0
PLL PURPOSE TRUCKS 1914.0 -459.2 1454.S -21".9

BACHELOR HOUSING INDICATORS:
S0 FT DORM SPACE 13554.0 -3796.3 9757., -a8.0
DORM PE)S 62113.7 -1783.3 -5030.3 -27.

OTHER PEPSONNEL SUPPOPT:
WEIGHTED RATIONS SERUED 771771.0 -139017.9 52773.1 --4.5

ENTER ITEPRATION OPTION AS FOLLOWS:
1=ACCUMULATE CHANGES, 92BEGIN NEW CYCLE, 3=STOP
iTERATION OPTION=

.CP PUN COMPLETE
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LOSPG

RIP FORCE BASE OPERATING SUPPORT
AGGREGATE 14ORKLOAD INDICATOR MODEL

EIITER COMMANDS tI *TC, S=SAC, SaTPC):

ENTER CHAlNGE OPTION I I=MANPOWERs2-=WORKLOAD):

NTEP. TYPE OF CHANGE SPEC. I=RBSOLUTEp2=PERCENTq3=NO OVERALL CHANGE SPEC.):

EfITER ABSOLUTE CHANGE:

ENTER THE NUMBER OF FUNCTIONS FOR WIHICH CHANGES WILL BE SPECIFIED:

ENTER METHOD BY WHICH FUNCTION CHANGES WILL BE SPECIFIED AS FOLLOWS:
I=ABSOLUTE NUMBER OF PEOPLE
2=PERCE T OF FUNCTION MANPOWER
3--PEP.CENT OF BOS MANPOWER
4PERCENT OF TOTAL CHANGE

METHOD:

ENTEP FUNCTIONS AND AiSSOCIFITED CHANGES tONE FUNCTION PER LINE)
USC-ING THE FOLLOWING tIUMBERS TO DEtOTE FUNCTIONS:

I=ADMINISTP.RATION
2=RETAIL SUPPLY OPERATIONS
SI4AINTENANCE OF INSTALLATION EQUIPMENT
.=OTHER BASE SERVICES
5=NORALE WELFARE ' PECREATION
6=OTHER PERSONNEL SUPPORT
7=BACHELOR HOUSING OPERATIONS

FUNCTIOM CHAIGE:
1,715
FIJINCTI ON, CHAICE:

FIr ICT I ON, CHAr ICE:

FUNCTION CHANGE:

FUIICTION, CHANGE:
5,64
FIUI 'CT! Oril CHANGE:

' . -: ii- -CHANGE:
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'S THERE A CHANGE IIN THE NUMBER OF BASES (1=YES,-=NO1?

ENTER PRINT OPTION AS FOLLOWS:
I=DISPLSY MILITARY'CIUILIAN BREAKOUT
2=DISPLAY TOTAL MANPOWER ONLY

PPINT OPTION IS:

STRATEGIC AIR COMMAND

FUNCTIONAL MANPOWER rTOTALJ

FIJNCTION FY78 CHAN I E PESULTANT PERCENT
MANPOWER RIiPOWER CHANGE

ADHIIISTATION 71349.3 75. '76.0 1.146a
RETAIL SUPPLY OPERATIONS 7101. 0 ,9.0 :"-.O .. .M2
MAIITEPNACE OF INSTALLATION EQUIPMENT 5179.0 46.0 2-1225.0 2.il
OTHER BASE SERUICES -',l.. " ... 0 "049.0 a.?
rJRALE WELFARE & RECREATION 903.0 64. '67.0 '
OTHER PERSONNEL SUPPORT 2720.0 3.0 2723.0 .11
BACHELOR HOUSING OPERATIONS 32. 0 6.0 33.0 1.81

TOTAL 5'905.0 320.0 3055.0 '.57

MANPOWER SLACIK VARIABLES

P JRICTION "!LACK

RDM IN I STPRAT ION
RETAIL SUPPLY OPERATIONS 244. '5
MAINTENANCE OF :NSTALLAT ION EQUIPMEMT - 3. 59
OTHER BASE SERUICES Z'. -:'
MIORALE WELFARE : RECPEATIN :..4
OTHEP PERSONMEL SUPPORT Y.-
BACHELOR HOUSING OPEPATIOI .
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OUTPUT/WOPKLOAD

WORKLOAD INDICATOR F",78 CHAtlGE RESULTANT PERCENT
INDICATOR I NDICATOR CHRNGE

RDMImiSTPRTro0I INDICATORS:
TiPRUEL TRAiSACTIOIiS PROCESSED 106779.0 517.3 1072o96.8 .5
20< BUDGET 882.1 2.i $8.a .
TRAHSACTIOtiS AUDITED 610701.6 2315.5 613017.0 .4
LEAUE AMD PRY ACCOUNTS 130544.0 603.6 131147.7 *
CIUILIAN PAY RECORDS 21510.0 9'.5 21609.5 .5
MATERIAL 1 SERUICES TRANSACTIONS 126381.2 589.8 127471.0 .5

POPULATION INDICATORS:
TOTAL POPULATION SUPPORTED(INCL DEP) 412551.0 1706.7 414257. 7
BASE POPULATION 131322.0 607.2 131929.2 • .5
B0$ POPULATION 2:905.0 .320.0 A12:5.0 4,.6
MILITARY POPULATION 111643.0 .196.8 112139.8
MISSIOM POPULATIOM 102417.0 -71.2.8 101704.2 -.7

SUPPLY INDICATORS:
TOTAL TRANSACTIONS 2842419.0 12958.6 2855377.5 .5

SUPPLY TRANSACTIONS 2376568.0 10834.7 23370E .? .5
REQUISITIONS 142565.0 650.0 14215.0 .5
EQUIPMENT TRANSACTIONS 1934 15.0 881.? 194296.7 .!
PECEIPTS 129872.0 592.1 UZ046,.1 .5

Tr. rAL INUETORY ITEM RECORDS 1084387.4 4!00.5 1088887.9
SUPPLY ITEM RECORDS 921863.0 S026.0 925689.0 .4
EQUIPMENT ITEM PECORDS 162524.5 674.5 163199.0

AUIATIO1 FUEL CONSUMPTION 79346.0 3.42. 4 79688.4

MAIfiT OF INISTA EQUIP INDICATOPS:
TOTAL MILEAGE :...0 .S 0. .
TOTAL "1EHICLE EQUIVALENTS 3a00.5 43.3 .33244..3
TOTAL 'VEHICLES 14681.2 :9. " i.-0.5

MILITARY VEHICLES 1656.0 6.1 -66a.1 1 •
HIPCRAFT TRACTORS ":O. 8 1 -. .
SPECIAL HANDLING 4335.2 5.7 341.'

IIOI-MILITAPY VEHICLES $9.. a j 9958.3
C.ENERL PURPOSE AUTO 1.220.05 1.6 2=.4 .4
ALL PURPOSE TRUCKS S 72.4 .5 :35.9 .1

-PCHELOR HOUSING INDICATORS:
SO FT DORM SPACE 9395.0 2.2.3 9417.3 .
DORM BEDS -1837.0 *6. -;"'3 4 a

OTHER PEPSONNEL SUPPOPT:
WEIGHTE .RATIONS SEP.)ED -6186. 0 -.S5. l -156871.1. ..

ENTEP ITERATIOII OPTION AS FOLLOWS:
I=RCCUMULRTE CHRNGES.2=BECIN NEW CYCLEs3=STOP
ITERATION OPTION=

STOP RUN COMPLETE
S.FLS: 7. 1
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AIR.FORCE BFASE OPERATING SUPPORT
AGGREGATE WORKLOAD INDICATOR MODEL.

ENTER COMMANDS (I=TC,.=SAC, 3=TAC):
.3

EITEP CHANGE OPTION (I4=ANPOWER,a=WORKLOAD):
I

ErTER TYPE OF CHANGE SPEC. 'I=.BSOLUTE2 a--PERCENT 3=1 OUERALL CHANGE SPEC. fl

E1TER ABSOLUTE CHAN E:
3464

ENTER THE IIUMBER OF FUNCTIONS FOR WHICH CHANGES WILL SE SPECIFIED:

E1TER METhOD BY WHICH FUNCTION CHANGES WILL BE SPECIFIED AS FOLLOWS:
IABSOLUTE NUMBER OF PEOPLE
a=PERCEJIT OF FUNCTI ON MANPOWER
3=PERCENT CF BOS MANPOWER
4=PERCENT OF TOTAL CHANGE

METHOD:

EtTER FUNCTIONS AND ASSOCIATED CHANGES LONE FUNCTION PEP LItE)
USING THE FOLLOWING iUMBERS TO DENOTE FUNCTIONS:;

I=RDMINISTPATION -

-=RETAIL SUPPLY OPERATIONS
3=MHIFTEIANCE OF INSTALLATION EQUIPMENT

=OTHER BASE SERO)ICES.-
5=MORALE WELFARE & RECREATION
6=OTHER PERSONNEL SUPPORT
7=BACHELOR HOUSING OPERATIONS

171.lNCTION, CHANGE:
1'444
FICT I OI, CHANGE:

FIJIICTI ON , CHANfGE:
3,947
FUJNCTI ON, CHANGE:

Fl INCTION, CHANGE:5, ..SI

FIJIUnT I ON, CHANGE:
6, 130

0 TIOni,CHHtI'CE:
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I$ "rEPE A CHANGE IN THE NUMBER OF BASES (I=YES,2=NO)?

VITER PRINT OPTION RS FOLLOWS:
I=DISPLAY MtLITARY/CIVILIAIN BREAKOUT
=DISPLAY TOTAL MAIPOWER ONLY

PPINT OPTION IS:
2

TACTICAL AIR COMMAND

FUNCTIONAL MANPO14ER 'TOTPLJ

FUNINCTION FC'S CHANGE PESULTANT PEPCZIIT
MANPOWER MANPOWEP I:HAUGE

AflMINII LTRAT.IOV, 51SI3.8 .144.0 5624.0 8.57
RETAIL SUPPLY OPERATIONS .520..0 925.8 613.0 17.-6
MINTEMIANCE OF INSTALLATION EQUIPMENT M236.8 947.1- 2183.0 76.62
OTHER BASE SERUICES 4427.0 946.8 537S.8 21.37
MORALE WELFARE & RECREATION 626.0 "0.0 E6.6.0 t1. 9
OTHER PERSONNEL SUPPORT 1875.8 188.0 2.55.0 9. 8
BACHELOR HOUSING OPERATIONS 239.0 -18.0 a1.8 -7.53

TOTAL 18791.0 3464.8 22255.0 18. "3

MANPOWER SLACK UARIABLES

FIJNCTI ONl SLACK

ADMINISTRATION 955.24
PETA!L SUPPLY OPERATIONS 1188.03
MAINTENANCE OF INSTALLATION EQUIPMENT 991.43
OTHER BASE SER"ICES 1133.78
MORALE WELFARE 4: RECREATION 55.:32
OTHER PEPSONMEL SUPPORT 290. 75
BACHELOR HOUSING OPERATIONS 0.
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OUTPUT/ORKLOAD

WOPKLOAD INDICATOR FY78 ':dARHGE RESULTANT PEPCENT
INDICATOR INDICATOR CHANCE

ADMINISTRATION INDICATORS:
TRAVEL TRANSACTIONS PROCESSED 24562.0 -8859.0 75703.0 -10.5
BOS BUDGET 569.9 -52.1 517.7 -9.-'
TRANSACTIONS AUDITED 425233.1 -34082.5 391150.5 -8.0
LEAVE AND PAY ACCOUNTS 99646.8 -11269.1 $8377.7 -11.S
CIVILIAN PAY RECORDS 14978.4 -1693.9 13284.5 -11.3
MATERIAL '. SERUICES TRANSACTIONS 87098.4 -11697.1 75401.3 -13.4

POPULATION INDICATORS:
TOTAL POPULATION SUPPORTED(IMCL DEP) 368987.0 -41728.9 327258.1 -11.3
BASE POPULATION 9839.0 -11087.3 86951.7 -11.3
SOS POPULATION 18791.0 3464.0 2255.6 18.4
MILITARY POPULATION 84645.0 -9572.5 -507a.5 -11.3
MISSION POPULATION 79248.0 -14551.3 64696.7 -18.4

SUPPLY INDICATORS:
TOTAL TRANSACTIONS 4888476.0 -210436.5 2678039.5 -7.3

SUPPLY TRANSACTIONS 2396100.0 -166959.0 a229141.0 -7.0
REQUISITIONS 152659.0 -10637.2 !42021.8 -7.0
EQUIPMENT TRANSACTIONS 22055.0 -24535.0 !95990.0 -11. 1
RECEIPTS 119192.0 -8305.2 110886.8 -7.0

TOTAL INVENTORY ITEM RECORDS 929105.0 -65756. '  8633-U3.6 -7. 1
SUPPLY ITEM RECORDS 812221.0 -57484. 1 754736.9 -7.1
EQUIPMENT ITEM RECORDS 116884.0 -8272.3 108611.7 -7.1

AVIATION FUEL CONSUMPTION 45291.0 -82i9.6 37071.4 -18.1

MRINT OF INSTA EQUIP INDICATORS:
TOTAL VEHICLES 11347.0 -1033.2 10313.8 -9.i

MILITARY VEHICLES 4-82.0 -108. 1 a173.9 -9. 1
AIRCRAFT TRACTORS 404.0 -36.8 367.2 -.. 1
SPECIAL HRNDLING a078.0 -371.B 3706.7 -9.1.

tiO-NIILITARY VEHICLES 6365.0 -625.i 6239.9 -9.1
GENERAL PURPOSE AUTO 736.0 -67.rA 669.0 -9.!
ALL PURPOSE TRUCKS 6129.0 -558.1 5570.9 -9.!

BACHELOR HOUSING INDICATOPS:
-Q FT DORM SPACE 6881.0 - cl4.0 6277.0 -8.8
DORM BEDS 22138.0 -2869.1 29268.$ -s.9

OTHEP PERSONNEL SUPPORT:
WEIGHTED RATIONS SEP''ED 344877.0 -21. S9.3 .322987.7 -6. S

ElITER ITERATION OPTION AS FOLLOWS:
I=ACCUMULATE CHANGESs2=BEGIN NEW CYCLE,3=STOP
I TEPATION OPTIONa

rr.p PUrl COMPLETE
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ANNEX 3

Model runs used to compute FY77 indicator values by setting

the FY78 mission population alone to the FY77 level (Tables

H110, 1111, and H12)
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AIR FOPCE BASE OPERATING SUPPORT
AGGREGATE WORKLOAD INDICATOR MODEL

ENTER COMMRIDS I=ATC, a=SAC,3=TAC):

ENTER CHANGE OPTION . =MANPOWERs Z=WORKLOAD):

ENfrER CHANGE IN MISSION POPULATION. (OR ZERO TO RETAIH CURRENT VALUE):
250j7

ENlTER THE NUt1BEP OF WORKLOAD INDICATORS FOR WHICH CHANGES WILL BE SPECIFIED:
0

E'ITER PRIrT OPTIOt AS FOLLOWS:
I=IJISPLRY MILITARY.,CIklILIAN BREAKOUT
•=,)ISPLUY TOTAL MAtIPOWER ONLY

PPINT OPTION iS:

SIR TRAINING COMMAND

FUNCTIONAL MANPOWER 'TOTPLj

FUNCTION F:75 CHANGE RESULTANT PERCENT
MANPOWER MANPO'WEF. CHANGE

ADMINISTPRATION 4607. 07 1P-5.9 ,T 72.P
RETAIL SUPPLY OPERATIONS *:,027.0 7. L102. .
f.A9INTENANCE OF INSTALLATIONi EQUIPMENT 5.67 64.5 .5 ..
OTHER BRSE SERVICES 9106'?.0 11.7 "1.7 1.. . 7
MOPRALE WELFARE .' RECPERTION '.-. 1" 1 . 5.7 .7-
OTHER PERSONNEL :UPPORT -67.8 1"2. 1 2130. 1 .6
BACHELOP HOUSIN4G OPERATIONS 241.0 7. - ..

TOTAL 1-1:3 16. 0 5..0 153:3. " 3.O
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MANPOWER SLACK VARIABLES

FUNCTIOI SLACK

ADMIrNISTRATION 0.
PETAIL SUPPLY OPERATIONS 0.
MINTENIAINCE OF INSTALLATION EQUIPMENT
OTHER BASE SERVICES
MORALE WELFARE & RECREATION 0.
OTHER PERSONNEL SUPPORT 0.
BACHELOR HOUSING OPERATIONS 0.

OUTPUT/WORKLOAD

WOPKLOAD INDICATOR FY7 CHANGE RESULTANT PERCENT
!NDICPTOP INDICATOR CHANGE

ADMIISTRATION INDICATORS:
TRAVEL TRANSACTIONS PROCESSED 31949.0 3733.3 85g83.3 4.6
OS BUDGET -*33..6 t.7 502.3 S. 9

TRANSACTIONS AUDITED :52628.. 15078.0 367706.4 4.3
LEAVE AND PAY ACCOUNTS 8-546.6 3996.3 6543.4 4.3
CIVILIAN PRY RECORDS 24112.1 1167.5 25279.6 4.8
MATER.IAL & SERVICES TRANSACTIONS 797?0.9 5660.7 eE451.6 7.1

POPULATION INDICATORS:
TOTAL POPULATION SUPPORTED(INCL DEPI 167011.0 3109.1 175120.1 a .9
BASE POPULATION 62S59.0 3029.0 65583.0 4.$
3OS POPULATION 14816.0 522.0 15338.0 3.5
MILITARY POPULATION 41727.0 0-0.2 43747.. 4.,3
STUDENTS 36758. 0 1730.9 35-8.9 4.7
MISSION POPULATION 47743.0 2507.0 50250.0 5.3

CJJPPLY INDICATORS:
TOTAL TPANSRCTIONS 1277,. 155.0 37299.1 1314454.0 2.9

SUPPLY TPRANSACTIONS 1062509.0 31030.4 1093539.4 E 9
REQUISITIONS 66740.0 1949. 1 68689.1 .2.
EQUIPMENT TRANSACTIONS :88379. 0 a595.7 91474.7 2.9
RECEIPTS 59027.0 1723.9 60750. 9 :,

TOTAL INVEMTORY ITEM RECORDS 453401.0 15019.1 463420.1 -3.
SUPPLY ITEM RECORDS 384067. 2 12722.3 396789.6 3. :3
EQUIPMENT ITEM RECORDS 69333.8 2296.7 "11630.5

AVIATION FUEL CONSUMPTION iS132. 2,72.1 15404.1 1.3

t;'INT OF INSTA EQUIP INDICATORS:
TOTAL VEHICLES 3472.0 I4.2 3616. a

MILITAR' IEHICLES 1080.0 44.8 1124.3 .
AIRCRAFT TRACTORS '9.0 1.7 -;1.7 z..
SPECIAL HANDLING Ii40. 0 4:3.2 1083.Z 2 L-;,

NON-MILITARY 'EHICLES 2392.0 99.3 2491.3 -±,
GENERAL PURPOSE AUTO -178.O 19.3 -
FiLL PUPPOSE T UCKS 1.04 *9.5 ..
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3sCHELOR HOUSING INDICATORS:
S FT DORM SPACE 13554.0 655.11 14 O9. t.
DORM BEDS 62!13.7 r 947. 65061.6 a.7

OTHER PERSONNEL SUPPORT:
WEIGHTED RATIONS SERVED 771771.0 32617.1 80433. t 4.i

EITER ITERATION OPTION AS FOLLOWS:
I=ACCUMULHTE CHANGES, 2=BEGIN NEW CYCLE. 3=STOP
ITERATION OPTION=

STOP PUN COMPLETE
U'.,HS: 5-3
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.'-)SPC

FiR FORCE BASE OPERATING SUPPORT
HGGREGATE WORKLOAD INDICATOR iODEL

VITER COMMANDS (I1ATC.2r'SAC,3=TAC):

EOTEP CHANGE OPTIOt '=MNPOWER. 2=WORKLOAD):

EIITEP. CHANCE IN MISSION POPULATION OR ZERO TO RETAIN CURRENT UALUE1:
161

ErrTEF THE NUMBER OF WORKLOAD INDICATORS FOR WHICH CHANGES WILL BE SPECIFIED:

ENTER PRINT OPTION AS FOLLOWS:
!=DISPLAY ILITARY/CIVILIAN 7BREAKOUT
&=DISPLRY TOTAL MANPOWER ONLY

PRINT OPTION IS:

TPRATEGIC IR COMMAND.

FIJIICTONAL IAIPOWER ,TOTAL)

FUICTIION F'73 'HArIGE F.ESULTANT PEPCENT
IANPOWER ,NIPOWER CHRGE

ADMIIISTPAT!ON 749.' 7. ".1 .1 1
PETAIL SUPPLY OPERATIONS CIO.O .. $ -05. "
',.IITEIIANCE OF INSTALLATION EQUIPMENT 21'T?., -. 7 a ..... .: -,.
OTHER BASE SERVICES .22.. a.i " Sl:0
ilOPALE WELFVAPE . PECREATION 903.0 .5 5:.. . C.
OTHER PERSONNEL SUPPORT '720.' .7 a7a..
BACHELOR HOUSING OPERATIONS 32.0 ., 33.. 1 .,.

TOTAL 5905.0 16.1 t"'21.: .06
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MANPOWER SLACK VARIABLES

FUNCTION SLACK

ADMINISTRATION 0.
RETAIL SUPPLY OPERATIONS 0.
MAINTENANCE OF INSTALLATION EQUIPMENT
OTHER BASE SER' ICES 0.
MORALE WELFARE ,- RECFEATIOl 0.
OTHER PERSOIIEL SUPPORT 0.
BACHELOR HOUSING OPEP.ATIONS 1.

OUTPUT/WORKLOAD

WORKLOAD INDICATOR FY78 CHARNGE PESULTART PERCEIT
INDICATOR INDICATOR CHANGE

ADMINISTRATION INDICATORS:
TRAUEL TRANSACTIONS PPOCESSED 106779.0 108.0 106887.0 . I
BOS BUDCET,:.. .1 .:1.. " I
TPRNSRCTIONS AUDITED 610701.6 6175.3 S,11376.9 .1
LEAVE AND PAY ACCOUNTS I 054,.0 176.0 IS0720. I .
CI.UILIAM PAY RECORDS 10. 0 29.0 15Z9.0ATERIAL !PERICES TRANSACTIONS 126881.2 172.0 127053.2

POPULATION INDICATOPS:
TOTAL POPULATION SUPPORTED(INCL DEP) -+12551.0 :3!6.2 a12907.2 .1
BASE POPULATION 131.22.0 177.1 i.i49.1 .1
SOS POPULATION 28905.0 16.1 28921.1 .1
PIILITARY POPULATION 11164:3.0 1.2- 11177-.2 .
PISSIOM POPULATION i02-x17.0 161.0 102578.0 .:

SUPPLY IrlDICATOPS:
TOTAL TRANSACTIONS .+2419. r0 3738. - 2846157.4 i

SUPPLY TPANSACTIONS 2176S68.0 12.7 237693.7
PEQUISITIONS 142565.0 1$7.5 I".2 5. .
EQUIPMENT TPRANSACTIONS 193415.0 254.- iS669.4 .1
'ECEIPTS 129872.0 170.. 1 3000t42.8

TOTAL INUENTORY ITEM RECORDS 1084387.4 1298.4 !085685.3
SUPPLY ITEM PECORDS 9*21863.0 1103.8 922966.8
EQUIPMENT ITEM PECORDS 162524.5 194.6 162719.0

AVIATION FUEL CONSUMPTION 79?46.0 98.8 79444.:?

PIAINT OF IlSTA EQUIP INDICATORS:
TOTAL MILEAGE,:,.0 -. 1 879.?
TOTAL UEHICLE EUIVALENTS -33200.5 -6. a 33194.3 -.
TOTAL VEHICLES 14601.2 -a., 1598. -

MILITARY VEHICLES -;656.0 -.9 l55. 1 0
AIRCRAFT TPRACTORS 320.8 -.1 320.7 -.0
SPECIAL HANDLING .-335. 2 - .13 Z:33.t. a .0

lION-MILITARY 1EHICLES -"945. 2 -!.',
GENERAL PURPOSE AUTO 12Q7. :8: -.2 .. . t.

ALL PURPOSE TRUCKS.r -.. 7. -0724.
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I-SCHELOR HOUSING INDICATORS:
SO FT DORM SPACE 9395.0 5.9 94.09 ..
DORM EDS 41837.0 22.8 41859.8 .1

OTHER PERSONNEL SUPPORT:
WEIGHTED RATIONS SERUED 456186.0 200.0 456386.0 .0

EITER ITERATION OPTION AS FOLLOWS:
1 =ACCUNUL 4TE CHANGES, a=BEGIN NE4 CYCLE, 3=STOP
ITERATION OPTION=

STOP PUrl COMPLETE
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3OSPG

AIR FORCE BASE OPERATING SUPPORT
AGGREGATE WORKLOAD INDICATOR MODEL

ENTER COMMANDS ( I=ATC, Z=SAC, 3=TAC):

ENTEF CHKlICE OPTION tl--=VNPOWERi,=WORKLOAD):

ElfTER CHANGE IN MISSION POPULATION iOR ZERO TO RETAIN CURRENT UALUE):
-5868

EVTER THE NUMBER OF WORKLOAD INDICATORS FOR WHICH CHANGES WILL BE SPECIFIED:

ENTER PRINT OPTION S FOLLOWS:
I=DISPLRY MILITARY/CIUILIAN BREAKOUT
2=D ISPLAY TOTAL MANPOWER ONLY

PRINT OPTION IS:

TACT:CAL ciP' cOMMr ID

FUNCTIONAL MANPOWER (TOTRL)

FIJNCTION F'78 CHANGE PESULTArT PERCENT
MANPOWER MANPOWER CHANGE

ADMINISTPRATION 5180.0 -201.9 '878.! -5. 0-3
PETAIL SUPPLY OPERATIONS 5208.0 -!5. .3 5052. 7 -S. 48
MINTENANCE OF INSTALLATION EQUIPMENT 1236.0 -26.2 ia09.S -2. i 2
.THEP BASE SEP'ICES '%27.O -110.9 36.±I -2.50
MORALE WELFARE ' RECREATION 626.0 -9.0 617.0 -:.
OTHER PERSONNEL SUPPORT 1.3TS. 0 -65. - I ?09.6 -3.49
BACHELOR HOUSING OPERATIONS .-39.0 -10.6 as.- -'. 4

TOTAL 18791.0 -'79.4 1 111.6 -3.62
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MANPOWER SLACK MARIABLES

FUINCTION SLACK

ADMINISTRATION ci.
RETAIL SUPPLY OPERATIONS 7.
MAINTENANCE OF" IMSTALLATION EQUIPMENT 0.
OTHER BASE SERV ICES 0.
MORALE WELFARE 4 RECREATION I.
OTHER PERSONEL SUPPORT
BACHELOR HOUSING OPERATIONS 8.

OUTPUT/ WORKLOAD

WORKLOAD INDICATOR FT.78 CHANGE FESULTANT PEPCENT
INDICATOR IrlnICATOR CHANGE'

ADMINISTRATION INDICATORS:
TRAVEL TRANSAICTIONS PROCESSED 84562.0 -5231.6 79330 .4 -6.2
BOS BUDGET 569.9 -10. * 7S'. 1 -5.
TPRHSACTIONS AUDITED 425233. 1 -20126.9 -05106.1 -,;. 7
LEAUE AND PAY ACCOUNTS 99646.8 -6654.8 ?2992.0 -6.7
CIVILIAN PRAY RECORDS j-a978,. -10700-3 !3978.1 -i.7
MATERIAL & SERVICES TRANSRCTIONS 87098.4 -6907.5 e0190.9 -7.9

POPULATION .INDICATORS:
TOTAL POPULATION SUPPORTED ( IMCL DEP) 368"87.0 -24642.3 344*3-.7-
BASE POPULATION .:8:9.O -6547.4 491-. 7
30S POPULATION 18791.1 -679.- 18111.6 -3.6
rIILITARY POPULATION -5632.6 S $99-.6i-..
HISSION POPULATION "8.0 -5868. 0 7?380.0 -7.

SUPPLY INirICATORS:
TOTAL TRANSACTIONS S8876.0 -124270.a 276~205. 8 --

SUPPLY TRANSACTIONS a'3910 0.0 -98595. . -a. .
REQUISITIONS :2659.0 -6Z81.6 146377.4 --.1
EQUIPMENT TRANSACTIONS 220525.0 -14488.8 206036.2 -6. 1
RECEIPTS 119192.0 -4904.5 114287. 2 -.. 1

TOTAL INVENTORY ITEM RECORDS 929105.0 -38829.5 890275.6 -". a
SUPPLY ITEM RECORDS 812221.0 -33944.6 77.e276. - .2
EQUIPMENT ITEM PECORDS 11688.0 -88.5."  111999.2 -, .a

AVIATION FUEL CONSUMPTION a529!.0 -4853.7 -'0437.3 -10.7

MAINT OF INSTA EOUIP INDICATORS:
TOTAL IEHICLES 11347.0 -610.2 0716. 9 -S.

MILITARY VEHICLES cl:32.8 -241.0 "a 11 .1.0 -. -
AIRCRAFT TRACTORS 404.; -21.7 282.3 -.
SPECIAL HARNDLING -70. 0 -219.3 3855.7 -. 1

1ION-IIILITPRY 'EHICLES 6865.0 - 69.2 6-95.? -5..:
GENERAL PURPOSE AUTO 736.0 -59.6 : .- -.
ALL PURPOSE TRUCKS 6129.0 -329.6 .?'. -
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-FtCHELOR HOUSING INDICATORS:SO FT DORM SPACE 181. a3 -36.? 314. -5.flORM BEDS -i.O -1694.3 1.0443.7 -5.3
OTHER PERSONiEi SUPPORT:

WEIGHTED RATIONS .SERVED 344377. b -i2926.4 -33195e.'3 -3.7

EITER ITERATION OPTION AS FOLLOWS:
I=ACCUMULATE CHANGES, -BEGIN NEW C'CLE 3=STIOP
ITERATION OPTIONi-

,:TOP RUi COMPLETE
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ANNEX 4

Model runs used to compute F777 indicator values by setting

FY78 mission population to the FY77 level and distributing

those changes across the workload indicators (Tables H13,

H14, and H15)
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AIR FORCE BASE OPEPATING SUPPORT
AGGREGATE WORKLOAD INDICATOR MODEL

ENTEP COMMANDS tI=ATC! 2=SAC 3=TAC):
I

EIITEP CHANGE OPTION I 1=PIANPOWERP,=WORKLO m):

E31TER CHANGE Ill MISSION POPULATION (OR ZERO TO PETAIN CURPENT "uALUE):

ENTER THE IIUMBEP OF WORKLOAD INDICATOPS FOR WHICH CHANGES WILL BE SPECIFIED:
6

ENTEP WOPKLOAD INDICATOR AND ASSOCIATED, PERCENT CHANGES 'ONE INIDIrCATOP
PEP LINE) USING THE FOLLOWING NLUMBERS TO DENOTE WORKLOAD INDICATORS:

I=TrI.IEL TRANSACTIOIS
=SUFPL7 TRANSACTIONS
3=TOTAL 'EHICLES
SQ FT DOPM SPACE

5=STUDENTS
6=WEIGHTED RATIONS SEP'"ED

WOP'LOAD INDICATOR, CHANGE:I * -,e. 399
WOPF' LOAD I NDICATOP.CHANIGE:
.2 -a'. 958
& JPt LOAD :IIDICATORCHANGE:
"3, 1 ., -
..:Pi LOAD IHDICATOPCHANGE:

WN).I LOAD 1I:'ICATOR, CHANGE:
5, -.5316

UOPI, LOAD I I CATOP, CHHANGE:
6, 9. N"OT

' EF, 'PRrlT OPrIofl Av FOLLOIWS$:
I, SPLAT MILI TAR'. CI "IL IAN BREAKOUT

-,DISFLA' TOTAL rIANPOWER OINLY

PPINT OPTION IS:
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AIR TRAINING COMMAND

FUNCTIONAL MANPOWER 'TOTAL)

FJNCTIOlI Fe78 'HANGE PESULTAT PERCENT
MANPOWE MANPOWER CHANGE

ADMINISTRATION 4607.0 -17.6 4589.4 -.38
PETAIL SUPPLY OPERATIONS S027.0 -590.3 2436.7 -19.50
MAIHTENAtCE OF INSTALLATION EOUIPMENT 652.0 104.9 756.9 16.09
OTHER BRet SERVICES 3069.0 86.5 3155.5 2- .2
MORALE l.LFARE t RECREATION 542.0 7.7 549.7 1.,4
OTHER PERSONNEL SUPPORT 2678.0 225.4 .2963. 4 8.42
BACHELOR HOUSING OPERATIONS a1.r.O -.2 2.14.8 -.08

TOTAL !48i6.0 -183.5 14632.5 -1.Z41

MRNPOWER SLACK UVpif'iBiEs

FJNCTION SLAlCK

ADI I N I ST).AT I ON U.
'ETAIL SUPPLY OPERATIONS
tMINTENANCE OF INSTALLATION! EQUIPMENT o.
OTHER BASE SERVICES 0.
1r rF'RLE PIELFRPE & RECREATION Q.
OTHER PERSONNEL SUPPOPT 0.
ZACHELOR HOUSING OPERATIONS U.

O:UTPUT. WORKLOAD

WOPKLOAD INDICATOR F78 CHANGE RESULTANT PEPCEN"
INDICPTOP ihICATOF CHRIIG[

RDM INISTPRTION INDICATOPS:
TRAIIEL TRANISACTIONS PROCESSED $1949.0 -5653.7 76c9!. . 3 -6.'
BOS BUDGET "83.6 -2.0 '1.'€ -
TPRANSACTIONS AUDITED 352625.4 -1398.0 3510$0.3 -
LEAZJE AND PAY RCCOUNTS $2546.6 3065. S CZ6 12. 4 3.:
:I!':LIAR PAY RECORDS ,-t 112. 1 C95.5 e50e"." :."
MRTERIRL 0. SERUICES TPRANSACTIONS 79790. 9 -599. . 71'. -
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POPULARTIO IIDICATOPS:
"i.JTAL POPULRTION SUPPORTED(INCL DEP) 167,t11.3 6225.2 t73.36. .
.ASE POPULATIOI 62559.0 Z323.5 64882.5 3.1
BOS POPULATION 14816.0 -1833.5 ia632.5 -1.e-
MILITARY POPULATION 41727.0 1549.6 43276.6 3.,
STUDENTS 36798.0O -214.0 36584.0
MISSION POPULATION -'743.0 287.0 50250.8 5."

SUPPLY INDICATORS:
TOTAL TRANSACTIONS -127,155. 0 -29*3209.2 9839-15.7 -a3.

SUPPLY TRANSACTION1S - 1062509.8 -a43930.8 818578.2 -23.
REOUISITIONIS 667-O. -15322.2 51117.8 --3.k
EQUIPMENT TR.ANSACTIONIS 88879.8 --.O840.S 6847-.2 -as..
PECEIPT$ 5'9827.8 -13551.4 "5475.6 -23.

TOTAL INVENTORY ITEM PECOPDS 453401.0 -118062.2 335338., -26.
SUPPLY ITEM RECOPDS 384067.a -1088808. 1 2$4859. 1 -26.
EQUIPMENT ITEI PECORDS 69333.8 -18054.1 51279.7 -2..

RVIATIOm FUEL CONSUMPTIOIN 15132.0 -2138.6 12993..: -14..

MRINT OF INISTA EQUIP INDICATORS:
TOTAL VEHICLES 1472.- 617.O Q .89.8 1.7

MILITARY VEHICLES 1058.0 191.9 1271.? 1'.:
AIRCRAFT TRACTORS 40.0 -. 1 .17.1 7.,
SPECIAL HANDLING 1040.0 134.? 1,4.3 7.f

1ION-MILITARY VEHICLES , o "-a.. 1 .'. .
GENERAL PURPOSE AUTO -7C. cj 84.9 562.9 17.
ALL PURPOSE TPUCKS !?. 34". 22S4. 7.:

BACHELOR HOUSING ItNDICATORS7
SO F'T DORM SPACE 13554.8 -1'5.0 i:536.0 -
DORM BEDS 6'!13.7 -8i. c 62032.7

OTHER PERSONNEL SUPPORT:
WEIGHTED RATIONS SEROED 7F1771. 75687.6 '47"5". 9.

E1TER ITEPRTIOM OPTION AS FOLLOWS:
I =RCCUMULATE CHANGES, a=BEG I,! lE, CYCLE) 3=STOP
ITEPAT ION OPT 1011=

$ TOP PUll COMPLETE
F " 5. 4
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BOSPG

AIR FORCE BASE OPERATING SUPPORT
AGGREGATE WORKLOAD INDICATOR MODEL

BITER COMMANDS r=ATCp2,=SAC,3=TAC):

EITER CHANGE OPTION r l=NANPOWER a--WORKLOAD):
2

ENTER CHANGE IN MISSION POPULATION 'OR ZERO TO PETAIN CURPENT VALUE):
161

EITER THE NUMBER OF WORKLOAD INDICATORS FOR WHICH CHANGES WILL BE SPECIFIE:

VITEP WORKLOAD INDICATOP AND ASSOCIATED PERCENT CHAiGES LONE INDICATOP
PER LINE) USING THE FOLLOWING NUMBERS TO DENOTE WORKLOAD INDICATORS:

I =TRAJEL TRANSACTIONS
.=TOTAL ITEPI RECORDS

3=AUIATION FUEL CONISUMPTION
4 =MILITAR? '.EHICLE INUENTOR'
5=TOTAL MILEAGE
6=WEIGHTED RATIONS SEpED

WORKLOAD INDICATOR, CHANGE:
V. a.,75
,WRKLOAD INDICATOP CHANGE:

L,ORKLOAlr INDICATOP CHANGE:
5, -2a. 61
WORKLOAD INDICATOR' CHRNGE:
6,-U'. 671

IETER PRINT OPTION AS FOLLOWS;
1=ISPLVY MILITAPY'CIUILIAN BREAKOUT
.±=DISPLAY TOTAL MANPOWER ONLY

PPINT OPTION IS:
a
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STP.ATEGIC AIR COMMAIND

FUNCTIONAL MANPOWER 'TOTAL

FUNCTION F"e78 CHANGE RESULTANT PEPCENIT
RANPOWER MANIPOWEP CHANGE

ADMINISTRATION 7049.O 2.7 7072.7 .3.1
PETAIL SUPPLY OPERATIONS 7900.0 -2.3 7874.7 -.32
MAINTENANCE OF INSTALLATION EQUIPMENiT 2179.0 -171.a 2007.7 -7.86
OTHER BASE SERVICES 7822.0 -7.7 7-84.3 -. 
MORALE WELFAPE & RECREATION 90:3.0 -.3 i'02.7 -.04
OTHER PERSONNEL SUPPORT a7aO.O -116.3 260 3.7 -4.28
BACHELOR HOUSING OPERATIONS l.'s.O -.03 .332.0 -.01

TOTAL 2S985.0 -Z97.3 2'607.7 -1.03

MiNPOWER SLACF IARIABLES

FJICTI ON SLAC

ADIMINISTPATION 0I.
RETAIL SUPPLY OPERATIONS
MAI(tTEIIHCE OF INSTALLATION EQUIPMENT 0.
OTHER BASE SERVICES '.
r;ORALE WELFARE ,A RECREATION
OTHER PERSONNEL SUPPORT 0.
BCHELOR HOUSING OPEPATIONS c0.

UIUTPUT WORKLOAD

WORiLOAD INDICATOR F78 CHANGE RESULTANT PERCENT
IVIDICATOP INDICAITOR I:HAiPr.E

PAD INISTRATION INDICATORS.
TRAVEL TRANSACTIONS PROCF.SSED 10677?.0 ?7g.0 10'7!3. ..
BOS BUDGET 12.82. 1 . 8811. t. -. 1
TRANSACTIONS AUDITED 610701.6 -51?.9 6101 81.6 -.1
LEAVE AND PAY ACCOUNTS 1?0544.0 -185.5 I 0O4 ,3.5 -. I
,::!LIAtl PAY RECORDS ,:'1510.0 -22. a.37. -.
rATERIAL S: SEPOICES TRANS-CTIONS 126881. -132.4 Ea67-:.. -
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POPULATION INDICATORS:
TOTAL POPULATION SUPPOPTED(INCL DEP) 412551.0 -628.1 411923.0 -.2
BRSE POPULATION 131322.0 -136.4 131185.7 -.1-
30S POPULIHTION 28905.11 -297.3 28687.7 -1.0
MILITARY POPULRTION 11164a.0 -135.. 111507.8 -.1
MISSION POPULATION 102417.0 161.0 102578.0 .2

SJJPPLY INDICATORS:
TOTAL TRANSACTIONS 2842419.0 0. E84:2419.0 0.

SUPPLY TRANSACTIONS 2376568.0 0. 2376568.0 0.
PEQUISITIOMS 142565.7 0. 142565.0 0.
EO.UIPmEiT TRANSRCTIONS 193'15.0 J. 193415.0 0.
RECEIPTS 129872.0 0. 129872.0 0.

TOTAL INV)ENTORY ITEM RECORDS 1084387.4 0. 1084387.4 0.
SUPPLY ITEM RECORDS 921863.0 0. 921863.0 0.
EQUIPMEIT ITEM RECORDS 162524.5 A. 162524.5 0.

AVIATION FUEL CONSUMPTION 79?46.0 -2664.0 76682.0 -3.4

tMAINT OF INSTA EQUIP INDICATORS:
TOTAL MILEAGE 880.0 -199.0 681.0 -E2.6
TOTAL IEHICLE EQUIURLEITS 33200.5 0. 33280.5 0.
TOTAL -EHICLES 14601.Z 0. 14601.2 k.

MILITARY VEHICLES 4656.0 0. 4f56. 0 0.
RIRCPRFT TRACTOPS 320.8 1.20. , 0.
SPECIAL HANDLING 1335.2 . 4335. .

fON.-MILITARY "1EHICLES 99t5.2- 0. 9945. Z .
rEIIERAL PURPOSE AUTO 1220.8 0. 1220.8 0.
ALL PURPOSE TPUCKS 372-. - 0. '372-. 4 0.

BACHELOR HOUSING INDICATOPS:
SO2 FT DORM SPACE 9395.0 -6.1 9388.9 -. 1
DORM BEDS 41837.0 -23.5 41813.5 -.1

OTHER PERSONNEL SUPPORT:
JEIGHTED RATIONS SEROED 456186.0 -57803. 3 398382.7 -12.7

EfTER ITERATION OPTION AS FOLLOWS:
iSACCUMULATE CHRNGES,2=BEGIN NEW CYCLE, 3=STOP
ITERATION OPTION=

3
'.TOP PIUN COMPLETE
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30SPG

AIP FORCE BASE OPERATING SUPPORT
AGGREGATE WORKLOAD INDICATOR M-ODEL

ENTER COMMAINDS iI1=ATC, 2=SACp S=TAC):

ENTER CHAFrJE OPTION 1=PlANPOWEPP a=I.IOPKLoADJ:

Ef ITE? CHANCE IN MISSION POPULATION NOR ::ERO TO RETAIN CURREN T "ALUE):

EO rE? THE NUMBEIR OF WORKLOAD INDICATORS FOR WHICH CHANGES IIL BE SPECIFIED:

ENTER WORKLOAD INDICATOR AND) ASSOCIATED PEPCENT CHANGES tONE iNJD:CATOR
FP LINE) USING THE FOLLOWING NUMBERS TO DENOTE WORK~LOAD INDICATORS:

I uTRA(VEL TRANSACTIONS
a=TOTAL TRANSACT IONS
,=EQUIPMENT TRANSACTIONS
a-A IRCRAFT TRACTORS
$rn5Q FT DORM SPACE
6=WEIGHTED RATIONS SER')ED

IWJIRKLOAD INDichrop, CHANGE:

HjuPI, LOAD IN111ICATOR., CHANGE:

WROKL-OAD 1IDI CATOR., CHANCE:

UO)PVkLOAD INIDICATOR. CHANCE:
59. .f

IWXRKLOAD INiDICATOR' CHANGE:

UI7EF PRINT OPTION AS FOLLOWS:
t=MPLA IILITAPTA: IVI1LIANl 2PEAEOUT

2=DIlSPLAY TOTAL MIANPOWER ONLY

PPRIT OPTION IS:
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TACTICAL RIP COMMAND

FJNCTIONAL MANPOWER iTO:TAL)

FUNICTION FT'8 CHANGE PESULTANt' PEPCENT
MAiPOHER MANIPOWER CHANGE

ADMINISTRATION 5180.0 -ai T.8 Z962. a -.. -0
RETAIL SUPPLY OPEPRTIONS 5208.0 -489.a 7 -13.8 -9.39
MAINTENANiCE OF INSTALLATION EQUIPMEtIT 1236.0 19.0 1255.0 1.54
OTHER 3ASE SERUICES 47.0 -115.0 131. r -2.66
MORALE WELFARE & RECREATION 626.0 -9.4 616.6 -1.50
OTHER PERSONNEL SUPPORT !V5. 0 -i.a4. 4 1750.6 -6.63
BACHELOR HOUSING OPERATIblNS 239. 0 14.7 a53.7 6.13

TOTAL 18791.0 -922.0 17869.0 -4.91

MANPOWER SLACK 11ARIABLES

F UNCTI ON ".LACK

ADM IN I STPRTI ON Q.
RETAIL SUPPLY OPERATIONS u.
rAIrTENANCE OF INSTRLLATION EQUIPMENT
OTHER BASE SERVICES U.
t1RALE WELFARE .x RECREATION
OTHER PERSONNEL SUPPORT 0.
3ACHELOR HOUSING OPERATIONS U.

OUTPUT WOR[LORD

IwORKLOAD INDICATOR F'78 ':HRNCE FESULTANT PEPCENT
!NDICATOP ItlHDICATr.P ,:HIIIGE

A11 I NISTPRATION INDICATORS:
TRAUEL TRANSACTIONS PROCESSED 8-562.0 3966. e $05. 7
BOS 3UDGET 56. ' -.. " a. 6 -
TRANSACTIONS AUDITED 2'23Z.1 -14517.9 410715.2 -3.
LEAUE ID PRAY ACCOUNTS 996-6.8 -'901.4 ?27.45.4 -
C!"ILIA PAY RECORDS I4'?73.4 -1037.4 139-1, - .9
"iTEPIAL (: SEP11ICES TRANSACTIONS :37098. -4932.5 ?3i 5..- -" -
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PUP.ILfTION INDICATORS:
TOTAL POPULATION SUPPORTED(INCL DEP) 368987.0 -255S.5 343431.5 -.. 9
BASE POPdLATION 98039.0 -6790.1 9124,3.9 -i.9
DOS POPULATION 18791.0 -92.0 17869. 0 ".9
MILITARY POPULATION $4645.0 -5862.4 78'782.6 -6.9
MISSION POPULATION 79248.0 -5868.0 73330.0 -7.4

S3UPPLY INDICATORS:
TOTAL TRANSACTIONS 2888476.0 -391388.5 a497087.5 -13.5

SUPPLY TRANSACTIONS 2396100.0 -380008.0 2016092.0 -15.9
REQUISITIONS 152659.0 -24210.9 128448.1 -15.9
EQUIPMEIT TRANSACTIONS 220525.0 31733.5 252258.6 14.
RECEIPTS 119192.0 -189I3.Z, 1002888 -15.9

TOTAL INVEtTORY ITEM RECORDS 929105.0 -122303.9 806801.1 -13.a
SUPPLY ITVI RECORDS 812221.0 -1E6917.7 705303.3 -13.2
EQUIPMENT ITEM RECORDS 116884.0 -15386.2 101497.8 -13.2

AUIATION FUEL CONSUMPTION 45291.0 -15288.0 30003.0 -33.8

MAINT OF INSTA EQUIP INfICATOPS:
TOTAL OEHICLES 11347.0 0. 11347.0 0.

,uILITARY VEHICLES 4482.0 0. 4482.0 0.
AIRCRAFT TRACTORS -:04.0 1. 404.0 0.
SPECIAL HANDLING 4078.0 0. 4078.0 0.

NtON-ILITRY )EHICLES 6865.3 0. 6865.0 0.
CMtIERAL PURPOSE AUTO 736.0 0. 736.0 0.
ALL PURPOSE TRUCKS 6129.0 0. 6129.0 r.

BACHELOR HOUSING INDICATORS:
SO FT DOPM SPACE 6881.0 :92.0 7730 7.
DORM BEDS 3a135.0 237.0 3-475.0 7.3

OTHER PERSONNEL SUPPORT:
WEIGHTED RATIONS SERVED 344877.0 -39109.1 305768.0 -11.3

EITEP ITERATION OPTION AS FOLLOWS:
I=ACCUMULRTE CHANGES, 2=BEGIN NEW CYCLEs3=STOP
ITERATION OPTION*

3
STOP PUN COMPLETE
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ANNEX 5

Model runs used to work the model backwards (Tables H19,

H20, and H21)
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BOSPS

AIR FORCE BASE OPERATING SUPPORT
AGGREGATE WORKLOAD INDICATOR MODEL

EBTER COMMANDS (I=ATC, 2=SAC, 3=TAC):

ENTER CHANGE OPTION f I=NRNPOWER, 2=WORKLOAD)

EITER TYPE OF CHANGE SPEC. i 1=RBSOLUTE..2=PERCENT'3=NO OUEPALL CHANGE SPEC.
I

ETER ABSOLUTE CHANGE:
629

EITER THE NUMBER OF FUNCTIONS FOP WHICH CHANGES WILL BE SPECIFIED:0

IS THERE A CHANGE IN TIAE NUMBER OF BASES I -YESYZ=NO
2

EITER PRINT OPTION AS FOLLOWS:
I=DISPLAY MILITARY/CIVILIRN BPERKOUT
2=D ISPLAY TOTAL MANPOWER ONLY

PP1NT OPTION IS:

AIR TRAINING COMMAHD

FUIICTIONAL MIANPOWEP iTOTAL.

FUNlNTON " CHAIGE RESULTANT PERCEMIT
'iir PC1 .IEF HAIIPOWER CHANGE

AI.M ISTPRATIOII . T2.. 0 20 .
RETAIL SUPPLY OPERATIONS 103. 0 :. :39P'5.0 T:
lAINTEIIANCE OF INSTALLATION EQUIPMENT 522.07 -67.7 -5. 3 -'Z. 9
OTHER BASE SERVICES 3163.0 -56I.8 .,06.S -17.71
MOPALE WELFARE C4 PECPEATION -02.0 7.o 5Q 9. i. .1?
OTHER PERSONNEL SUPPORT .5414.0 304.. 2-$. 3 11. ?6
BACHELOR HOUSING OPEPRATIONS 200.0 - .'-02.2 1.15

-OTAL P187.9 . ., - ..
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MANPOWER SLACK 'ARIABLES

FUNCTION SLACK

ADMINISTRATION 0.
RETAIL SUPPLY OPERATIONS 0.
MRINTENAN1CE OF INSTALLATION EQUIPMENT 0.
OTHER BASE SERVICES 0.
MORALE WELFARE & RECREATION 3.
OTHER PERSONNEL SUPPORT '.
BACHELOR HOUSING OPERATIONS 0a.

OUTPUT' ORKLOAD

WORKLOAD INDICATOR F'(-- CHAlGE RESULTANT PERCENT
WDICRTOR INDICATOR CHANGE

ADM INISTRATION INDICATORS:
TRAVEL TRANSACTIONS PROCESSED 76295.0 8538.2 84833.2 11.2
BOS BUDGET 431.7 9.3 441.0 2.2
TRANSACTIONS AUDITED 31090.7 7491.5 318392.2 a.'
LEAVE AND PRY ACCOUNtS 85024.6 607.0 5631.7 .7
CIVILIAN PAY RECORDS 24836.0 177.3 25013.3 .-
MATERIAL & SERVICES TRANSACTIONS 64125.2 2812.5 66937.7 4.4

POPULATION INDICATORS:
TOTAL POPULATION SUPPORTED(INCL fEP) 253447.0 -80171.9 173275.1 -31.6
BASE POPULATION 64437.0 40.1 6.897.1 .7
DOS POPULATION 141.87.0 629.0 14816.0 4.4
MILITARY POPULATION 42836.0 450.3 43286.3 1.1
STUDENTS 36584.0 1549.3 38133.3 a. 2
MISSION POPULATION 50250.0 -168.9 50081.1 -.3

SUPPLY INDICATORS:
TOTAL TRAMSACTIONS 983946.7 321997.9 1305944.6 32.7

SUPPLY TRANSACTIONS 818579.0 267881.1 1086460.1 32.7
REQUISITIONS 51417.9 16826.6 68244.5 32.7
EQUIPMENT TRANSACTIONS 68474.2 22408.3 90882.5 s2.7-
RECEIPTS 45475.6 14882.0 60257. 6 32.7

TOTAL INVENTORY ITEM RECORDS 468601.0 172393.2 640994.2 36.8
SUPPLY ITEM RECORDS 396942.8 146030.9 54297'3. 7 6.:
EQUIPMENT ITEM RECORDS 7!658.2 26362. - ?-205 36.8

AVIATION FUEL CONSUMPTION 15407.3 3122.8' 130. a 20.

MtINT OF INSTA EQUIP INDICATORS:
TOTAL VEHICLES -089.0 -505.7 383.3 -12.

MILITARY VEHICLES 1271.9 -157.3 1114.6 -12.a
AIRCRAFT TRACTOPS -7.1 -5. $ a1. 3: -f1.
SPECIAL HANDLING 1224.8 -!51.5 ' 7?.

lION-M!LITARY VEHICLES 2817.1 -3-$.4 261. - ..
GENERAL PURPOSE AUTO 562.9 -69.6 ". Z -..-
ALL PURPOSE TRUCKS 54. 1 -E78. S '7C. - - ,-
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BACHELOR HOUSING IIIDICATORS:
SO FT DORM SPACE 13536.0 523.4 14159.4 3.9
DORM BEDS a5s30.3 95. 1 45987.4 Z.1Al

OTHER PERSONNEL SUPPORT:
WEIGHTED RATIONS SERVED 847460.0 -50525.4 796934.6 -,. -

EITER ITERATION OPTION AS FOLLOWS:
I=ACCUMULATE CHANIGES,2-BEGIN NE4 C'CLE,3=STOP
ITERATION OPTION-

STOP PUtt COMPLETE

H-87



AIR FORCE BASE OPETING SUPPORT
FGtW>TEGFE HO ORD INDICATOR NODEL

ENTER COIM1INDS (1TC =S , 3=TAC):

E?;:uEP CHANGE OPTION f1MF*OERpWORKL0AD):

EllTS TTE OF CHANGE SPEC. l=lRBSOLUTEs Z:E*ECEhT!,3=1O OU.EPtLL CHANIGE SPEC.):
I

EiTER RESOLUTE CHAIGE:

E NTER THE NIUMBER OF FUNCTIONS FOR WHICH CHANGES WILL BE SPECIFIED:
0

IS THERE A CHANGCE I!1 THE NUMBER OF BASES I

!TER PRINT OPTION AS FOLLOWS:
!=DISPLAY MILITRRY.-'CIVILIAIN BREAKOUT
Z=DISPLY TOTAL MANPOWER ONLY

PIMT OPTION IS:

STRATEGIC AI. COMMAND

FUNCTIONAL MANPOWER 'TOTAL)

FUrICTION r""s CHANGE FESULTANT PEPCEMT
MANPOWER rIANlPOWER CHANGE

ADINIISTPATIONl 7"6-:. 0 -10'5a ".6 ?Z70'9..1- -, :. =.
F.ETrAIL SU..~PPLYd OPERATIONlS s::i=9.0 -405.' 1? .77..1 -
IAIINTEIANCE OF INSTALLATION E.UIPMENT 221 .O -161.6 alJ63., -7.27
OTHER BASE SEPUICES :80-?, 33.1 .... . 1 a.: ,?
MORALE WELFARE t PECREATION 6. -- 6.3 9.. -79
OTHER PERSONNtEL SUPPORT 272;. 11. ."'.3.? 4..'
BACHELOR HOUSING OPERATIONS 33.O -6.5 ::131 .5 -1.142

"-:TL .302 5.O -- :'.O .:3Ec.." - . -
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7

W-IPONER SLACK 'A I lALES

FUNCTION SLA

DMHINISTRTION 0.
RETAIL Stf"PL OPERATIONS 0.
MAINTENACE OF INSTALLATION EQUIPMENT 8.
OTHER BASE SERVICES 8.
NOME IELFARE & RECREATION 8.
OTHER PERSONEL SUPPORT 8
BACHELOR HOUSING OPERATIONS 8.

OUTPUT,'.ORKLOAD

HORYLOAD INDICATOR F78 CHNGE RESULTANT PERCENT
INDICATOR :DICATOR CHANGE

RDMINISTRRTION INDICATORS:
TRAVEL TRANSACTIONS PROCESSED 72. -4 7513.0 0.7 910.3 -17.1
305 BUDGET 8 3 a s=' :-. 1 -. 1
TRM SACTIONS AUDITED 616249.8 -643-..0 547915.0 -11.1
LEAVE AND PRY ACCOUNTS 132016.3 -17839.9 114176.3 -13.5
CIVILIAN PAY RECORDS 217'52.6 -?.939.5 18813.1 -13.5
MATERIAL & SERVICES TRANSRCTIOlS 128319.7 -171431.7 :108S8.0 -13.6

POPULATION INDICATORS:
TOTAL POPULATION SUPPORTEDfINCL DEP) 3440 02.0 16648.3 360650.3 -. 8
BASE POPULATIOI 132803.8 -179ui.2 ;14856.8 -13.5
OS POPULATION :0225.8 -1220. 0 8985.8 -. 4
MILITARY POPULATION 1!1674.0 -140a5.2 97628.2 -12.6
MISSION POPULATION 102578.0 -16626.iE 85951.8 -i6.2

SUPPLY INDICATORS:
TOTAL TRANSACTIONS 2,.a19.8 -353011.5 .489a07.5 -1. 4

SUPPLY TRANSACTIONS 2376568.0 -295155.3 2081412.6 -1.:.4
REQUISITIONS 142565.0 -17707.1 124857.9 -1...
EQUIPMENT TRANSACTIONS 193415.0 -241h19.5 :69395.5 -t2.a
RECEIPTS 129872.0 -16129.6 i1712.- -12.-

TOTAL INVENTORY ITEM RECORDS 1084387.- -122688.4 .6787. 1 -11 1
SUPPLY ITEM PECORDS 921863.0 -184az.5. 4  "17637.6 -1!.:
EC.UIPMENT ITEM RECORDS 16258..5 -1837.' "i.: - 1. :

HIRTION FUEL CONSUMPTION 76682. -6662.1 -... -
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.fiIfT OVIHSTA EWJIP IflDICRTMR:
TOTAL MILERIG *;81.8. Z64.4
TOTAL UEHICLE EQUIURLMIS -- 28.s 14. 15. -5.8
TOTAL UEJ4ICLES i4601.2 -=53.6 *1 747. 6 -5.8

MILITARY kUEHICLES 4456.8 -2-72.2 -;383.8 -5.8-
AIRCAT TRACTORS 320.8 -18.8 m88.0 -5.S
SPECIAL HAIIILIflC 4=3.2 -253.4 4681.a -5.8

lio"-HILITAPY 'JEHICLES 9945.2 -581.4 9363.8 -5w-.
GDIERAL PURPOSE FAUTO 1 "--8.8a -71.4 1149.4 -5.8
ALL PUPOSE T RUCI(S SW724.4 -548.0 8844 -5.3

BACHELeM HOUSIMG IflDICATORS:
SO FT DORM SPACE 9396.4 -69.3 3 767. 3 .

X"RV BEDS 41842.4 -2441.3 39404,1. 1 -5.8

OTHER PERSOllIEL W1.PORT:
WEIGHTED RATIOIIS SERUED 393. 398 1. 4 4:37613.4 9.83

Er1TER ITERT 1011 OPTIO11 AS FCOLONS:
1#ACU11LAT CHKnGS,8=-BEGfll riEw C*XLE.,3=-TOP
ZTERRTIOII OPTIOHf

STOP RUll COMPLETE
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RIP FCRCE BASE OPETUIG SLWPORT
AGGREiMTE IbOM~cLJRD !sIDICATOR MOLL

EUTER COMMMD (1-ATC, =SK93=TAC):

EMTER CIW1E OPTIONI a1=#ArIO~iEPvr --=OpXLM):

-31TEP rTYPE OF CHFEGE SPEC. t . =A3SOL-UT-E, a=ERCEriT. 3-=*t O'JERALL C~ftGE SPEC. A
I

EIITEPRABSOLUTE CFSCE:
-344

EJ!ER THE IUJIEE OF FUNCTIOflS FOR MiICH CHFflES WILL BE SPECIF:ED:

~S THERE A CWMtE it -74E r!It-IER OF 3fSES L=E,=lY

EJITEP PRIT Q! TICtt AS FOLLOWS:
I-DISLR-Y MILlTPPY/CiT.!ILI~fl BREAI(CS.T
2--DISPLEW TOTAL 14iWOHER CtIL.

PRINT OPTIONl 1S:

TCrcCY pj R CCr*1MAjrD

Mii CTIONRIL rIAMPOWR iTOTPL)

Fi1ffCTIO~f F-'78 CFAlIE KESULTFIWT PERCEt!T
MIANPOWER r*1AtPOW~EP CHANGCE

F'ETAIL SUPPLY C-PERATIONS 6!33. 0 - 6. 1;c7C, - :
r1AIITEMtIAICE OF INSTALLATION EQUIPMENIT 2183.0 -.. 91E j1,9, '? .
OTHER BRSE SER'JICES K-7 S .1 - ;..7 S-105.3 ?8.9
rIOPALE WELFAPE ': RECREATION ;66.0 * 7S. 7 92.3 -11. O:
OT~HER PERSONNEL SUPPOPT 2055.01 ~ 55I -'J

JAHLR HOUSING OPERATIONS ~1.3 -4.6 .u -I.?

TRL 22255.0 -2Z64.0 I15791.: -
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WFWMEP SUXLI A ''RIAILES

AMM~fISTSPATI4C S

FERLStPPLY WERTIOttS .

?0I1HTEIWICE OF itISTALATION EGUIP? EIT .

OTHER BAE SERMfCES 0
FIDRALE WELFAP.E =0 MEPEATIOI 63.
OTHE PER90MEL SZA'PCRT 'a.

3A(>iEL0R HOJSIIIG OPEP.RTIOHtS ri.

CIJTPUT'limORI'.

qJOPKLOAD BIICRTOR -,_ C*."iEE RESULTAtIT PERCE14T
!"iDCAToR :"IT1CATOP CHAlICE

RFOIHISTRfTIOB !lIDICRTOn:
-MIEL Ts~fttSACTICttS PROCESSED -380527- 8 -3=58..4 5582.6 -

BOS BUDGET 9.2 -2. --0
TPrltSRCTIatS AUJDITED 454iii. Z2 -4ENS.I :3,30W5 1. -27
LEFS)E AIM PRY AccoumTS 7234 -351M2.0 62071.';-6
4I-'IlLI PRY RECOR.DS 14611.11303 31
f!ATEPIAL :& SERV.ICES TPAISRCTIOflS 9'5.1 -42653.3 5 603. -~ *

%rPUATIO1I INDICATORS:
TOTASL POPILATICII SUPPOPTE3(IIIL :)EP) 256085.0 -262Z7. 9 22?847.1-1.

7MS POPILATIOII 953. S3.56 a 1Q69. . -36.1
30 PPLA2=I55.80 -:3-!64.0 1:37?1.0 -!5.6

MILITARY POPUJLATION1 '32202. 0 -E947r5. 5 T726.5 -.35.9
MISSION POPWJLATIOt1 ?sss. 0 -31101.2 Z.227:.8 -53

SUPPLY INDICATORS:
TOTAL TPRANSACTIONlS 2-69. -31i0 1 M.6 M1680!.4 -1.:.4

SUPPL71 TRANSACTIONS 2859.6 -160. 1335. -. -

EQUIPMENIT TRANSACTIONS 252.... 0 -113536.11 1~ SS 1. -5
RECEIPTS 100284.2 -:375. PI 91499.2 -'3.8

TOTA.L INUEUTORY ITEM RECORDS 1160335S.0 -19854 81349.6 -12.e
SUPPL*Y !Tel PECORDS :13.1-121518.1 :392361.0 1.
EMIIPtIEIT ITEM RECOPBS 1-959-17487. .3 lk. ...... -,

FiLIRTIOtl FUEL COrtSUMP T ION)r :'7197. -3 -1i7317. 7 6ea1. -

MINiT OF IMSTA EQUIP INDICATORS:
TOTRL VEHICLES i3;. a34. 9.8-8

MILITARY VEHICLES -:20 -38: ~-
AiIRCRAFT TRACTORS44. -1271. - i

SPECIAL HRNDL.ING '~70 -i238.2 Z,2,-9 .8. -- ;J
NOMl-*ILITAPN "EH ICLES 6:S65.0 -2084.a. 47S0.7

GENERAL PURPOSE AUTO 760 -2. 1. ~
ALL PURPOSE TRUCKS 619. -126.9 4 :.
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:-ELOR HOUJSIN9G INDICATORS:
SO FT DORM SPC 7.373.8 1 2O.36. 3.
UON " 34475.0 1933 227. 3.

OTHER PESOttEL SUPPJT:
IHEIGTED RATIOflS SEP'10 385734.8 -3339..3 arssr-1.

BITER !TERTIOII OPTIONI AS FOLLOWS:
i=Acamuirnr CHANGES v 2=3EGIII NEW CYCIAZ, 3=S3TOP
ITERATION OPTIlGN=

.OF FUll COZFLEtE
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ANNEX 6

Listings of data file changes for working the model with

FY77 data

NOTE: Descriptive indicator formats did not change and,

therefore, are not listed.
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L:r RTCFLX

'0 AIR TRAINING CO'*fltD
68 7. 2-t. 17. .0081 6. -:2. 3. 183.

168 5ee.

220 8.

Z80 0.3 54V 0.
52C-0 0.

30 48.

560 653:.

5-:0 .347-:68.
-0 FAIN' 59.37 0.

586 ADMIUISTPATIIf
'*W 'FP'SO! 58.18s 165.
Se RETARL SUPPLY OPERATIONS

S9 'RPIlE' :2.32 '3.
6 131AlrITEMIArE OF INSTALLATION EQUJIPMNtT

'8 FOBS' 64.ze 193.
'00 OTHER BASE SEP.')ICES

7SID *RIR' 54.38 8.
fcj WPALE WELFARE & ECPRTION

7.58 'FOPS? !3.52 78.
730 OTHER PERSONNEL SUPPORT
I-CO0 'FHO' 44.13 0.

B ACHELOR HOUSING OPERATIONS
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:a60 i187,-66 a03,-1455.7,25.009l39i 1.7 - 5a17 i,1288,1 W

--5640P, -ei58Zv 41609 -%9171, 380000

Io
MAe
182 I-io ~ ~ ,i~~~~~~~ieeeeeoe~~~~

1280 185.6.,

1180 1,,,,88008,,,,,08890,,,97988-

1220 23. 7
4.41) 27.

Z3re SIPPL TRASTIOS EV

1326 19.



LIST SCFLI
: 8 ", -36.
4.t STRATEGIC AIR COMIAUD
68d 7. 24. 17. .081 6. 43. 2. 10.

100 8159.

14,0 84.9.
160 967.
180 2723.
ase 2Ms.

2:0 0.

Sao 0.
280 0.

388 1097T53.
"0.:121863.428 76682.

•*-.43 "656.
"60 681.
480 34" A,2.•

500 !8719.
520 111674.
_.:e 4 .;le2
560 ',ADNI' 79.93 0.
58e ADJINISTP.RATION
600 "GRSO: 80.20 165.
620 FETAIL SUPPL'," OPERATI0IS6 "GtIIE" -19.66 0.
660 CINTEN 4.E OF .INSTFLLATION EQUIPMENT
680 'GOS' 88.24 193.
780 OTHER BASE SEW)!CES
7M0 "G1IR' 65.56 0.
'.40 ORLE WELFARE ': RECREATITON
•60 "GOPS' 66.25 73.
718 OTHER PERSONtEL SUPPORT
"3.38 "GMBH' 81.38 0.

BACHELOR HOUSING OPERATIONS
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0,,000,0009 PP9f9v s0Y,0,0980-3. 47,-.955,-297.-.9 -7-86.

84311v9 i 30a2,0l9- 944,3a.p-9ep1563-~6,,,38
55'? 1yep8-Iw ar~94eee-a,1e .3 -P5g1 F 3FO l 55P.11py

:343 OP P3 I FiP-,98,9

847 cis,3-10000,,,,,00000,,,0.0033,0
843 e~,,~,1e0eee0ieo0ge00.e160,0,-.0023
8349
851 OPa,..80O80,,,,.85,O.8'8,P0'00 P. 4.-10
852 0.80.00.all00.80,8 or0 1.ila@a8,0o0P0,@000-i1
853 0.0,08,0,Ov 0t,08.OF..8-IPOP 09,090Y.30341,00
854 009.99,09.09O0 v9,OF .O.09...329po0I-Ip OF 39 0 y09 09 .p0

356 O.0plpeo.op0. a,00398040 %0.opo0.0,0,1193P -Is op0.0,

1220 2. S.

1240 16.
1268 TPA'JEL TRAMSACTIONS
1230 17.
1300 TOTASL ITEM PECORDS
1320 Is.

1320 AIIATION FUIEL CONSUMPTION
1360 19.

1380 MILI TAR? VEHICLE- INVENITORY
I~00 20.

TOTAL MILEAGE

-0 iWEIGHTED RATIONS SERVD
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LIST TACFL
£0 1,436.

41 TACTICAL RIR COMMAND
60 7. 24. 17. .001 6. 41. 3. 10.
so 5624.

108 6133.
120 2183.
140 5373.
160 666.
!s0 Z055.
200 221.
220 0.
240 0.
2663 0.

ase 0.
300 0.
I0.
340 0.
360 95635.
30 83527.
aee 2496977.
.7 a 25=1152.
..40 404.
460 256085.
-sa 7373.
500 82.02.
520 305784.
540 0.
560 'HRDM' 75.51 0.
5380 ADMINISTRATION
600 'HRSO' 80.32 165.
620 RETAIL SUPPLY OPERATIONS
640 'HMIE' 75.31 0.
660 MAINTENANCE OF !NSTALLATION EQUIPMENT
680 HOBS" 83.99 193.
700 OTHER BASE SERUICES
'20 HMWP' 62.30 0.

MORALE WELFARE & RECREATION
760 HOPS' 56.00 78.
plo OTHER PERSONNEL SUPPORT
0O 'HBHO' 34.62 0.
D20 BACHELOR HOUSING OPERATIONS
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.. ,v-5a9.59 -1597,-777.4, -T60. 9,-460.5, -471.8g -102109OF,-6226.05991,

1027695. 8,-3W4.4969,-78.89265-1539.9005,-95516.441.2080
.88 i,1,1i,1,I,1,e,e,o,o,e,e,o,e,o,e,o,o,o o eo,
980 -1I,88,08,,1,8,O0,,8,80.039,.152,eee,,0,e.

920 8,-l ,8,,8,8,,,e,,8,8,8,o,.eeI1a00,e,8,8,8

941$ a8o-Ia,0,8,8,8,8,1,0,0,8,89,O0,.8168,2.459.0,8,8,,8
968 oe,o,-1,e, epe~e,e,o,1,o~ge, o,,, 8,.e1ea,e,e ,ee

100 8,0,8,8,8,-1,O,8,8,0,O,8,1,0,8,8,8,8,,.8826,80,.0030,3

1030 8,80,,88,8-,8,8,8,8,8,8,1,8,03658,8,,81,8,8,e.~
1008 ,0.86338894,8,8,,8,0,-I.0,8
1048 .2123,0,0
1060 0,8,8 0,0,0,0,8,0888,8,8,8,1t8.98,0,-1,8,08,0,0,0,0
1088 e ,,,,~,e,,,,,,,,2.2129 ,,,-1,e,0,8,0,G,8
1100 g~~~~~~~gggg gog~ ,,lge.083843,0,0
1168 g,,, ,,, ,,,,,8000888-,03 ,
1180 0,, , , , ,, 62 90 -

12,?30 2. 3. 7.
1348 16.
1260 TRAVEL. TRANSACTIONS
1380 17.
1300 TOTAL TRANISACTIONS
1320 18.
:340 EQUIPMENT TRANSACTIONS
1368 19.
1380 AIRCRAFT TRACTORS
1400 31.
Ie SO FT DORM SPACE

1033.

1- 2.3. 7

i 60 WEIGHTED RATIONS SERVED

; 1-102



APPENDIX I

GEBOS VALIDATION THROUGH STANDARDS APPLICATION
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GEBOS VALIDATION THROUGH STANDARDS APPLICATION

In order to make GEBOS a fully useful tool, the model requires

validation against external independent estimating procedures. One

independent source of estimates on how manpower and workload changes

occur is manpower standards. This appendix compares a set of manpower

and workload changes produced by the GEBOS model with a set of changes

produced from work center standards.

METHODOLOGY

SAC Retail Supply Operations was selected for the validation

exercise. This functional category was used because it represents a

major part of BOS (27.3% for SAC) and has a number of descriptive and

highly correlated workload indicators. Most SAC command supply work

center manpower standards were readily available to the project team.

The methodology used was to apply a 10% manpower increase to the

Reteil Supply Operations functional category in GEBOS, allowing all

other functional categories and work-load indicators to change based on

the interactive support-on-support relationships in the model. Other

model specifications of manpower changes to Retail Supply Operations

could have been used to produce an impact on supply workload indicators.

Other manpower specifications would likely produce slack manpower in

other functions, and generate non-optimal use of resources. The use

of a 10% manpower increase illustrates the form of a balanced change of

workload capability and manpower resources.

Figure 1.1 illustrates the output from GEBOS. The primary supply

indicators are total transactions, total inventory item records, and

aviation fuel consumption. The model predicted these indicators would

increase respectively 24.7%, 22.5%, and 23.5%.

The model equations predicted that supply workload levels would

be elastic with respect to manpower. That is, a 10% change in supply

manpower produced a more than 10% change in supply workload capability.
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Figure 1.1

GEGOS Estimate of the Impact

A Ten Percent Retail Supply Operations Manpower Increase

STRATEGIC AIR COMMAND

FUINCTIONAL MANPOWER LTOTAL)

FUtICTION FY78 CHANGE RESULTANT PERCENT
MANPOHER MANPOWER CHANGE

ADMINISTRATION 7847.4 1435.9 8483.3 28.38
ETAIL SUPPLY OPERATIONS 7898.6 789.9 :688.4 18.80

MAINTENANCE OF INSTALLATION EQUIPMENT 2179.8 197.7 2.376.7 9.07
OTHER BASE SERUICES 7818.7 1244.6 9063.2 15.92
MORALE WELFAPE a RECREATION 903.0 86.3 989.3 9.56
OTHER PERSONNLL SUPPORT 2719.6 176.8 .896.4 6.50
BACHELOR HOUSING OPERATIONS 338.8 5.4 344.2 1.60

TOTAL 28985.0 3936.6 32841.6 !3.6p-

MANPOWER SLACK 9ARIRBLES

FUNCTION SLACK

ADMINISTRATION 0.
PETAIL SUPPLY OPERATIONS 0.
MiMTEANCE OF !INSTALLATION EQUIPMENT 8.
OTHER 3AE SERVICES 0.
MORALE WELFARE . RECREATION 0.
OTHER PERSONttEL SUPPORT 8.
BACHELOR HOUSING OPERATIONS 0.
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Figure I.1 (cont.)

OUTPUT' WORKLOAD

WORKLOAD INDICATOR FY73 CHANGE RESULTANT PERCENT
INDICATOR INDICATOR CHPlICE

ADMINISTRATION INDICATORS:
TRAVEL TRANSACTIONS PROCESSED 106698.6 31207.0 137905.6 29.2
305 BUDGET :382.0 115.3 997.3 13.1
TRANSACTIONS AUDITED 610585.9 124903.0 735489.0 20.5
LEAVE AND PRY ACCOUNTS 130513.5 32560.6 !63074.1 24.9
CIVILIAN PAY RECORDS 21533.4 5372.2 26905.6 24.9
MATERIAL ": SERVICES TRANSACTIONS 17837.7 4618.8 22456.4 25.9

POPULATION INDICATORS-
TOTAL POPULATION SUPPORTED(INCL DEP) 412286.2 182857.5 515143.7 24.9
BASE POPULATION 131301.3 32757.2 16,U358.5 24.9
SOS POPULATION 28905.8 3936.6 341.6 13.6
MILITARY POPULATION 111606.1 27843.6 13-9449. 7 24.9
STUDENTS 0. 0. 8. 0.
MISSION POPULATION 182396.3 28820.6 131216.9 23.1

SUPPLY INDICATORS:
TOTAL TRANSACTIONS 2841968.0 702142.6 3544110.6 24.7

SUPPLY TPRHSACTIONS 2317056.5 572456.8 2389513.3 24.7
REQUISITIONS 141245.8 34896.5 176142.3 24.7
EQUIPMENT TRANSACTIONS 254924.5 62982.2 317906.7 24.7
RECEIPTS 128741.2 31807.1 160548.2 24.7

TOTAL INVENTORY ITEM RECORDS 108507.3 243915.2 1323422.6 22.5
SUPPLY ITEM RECORDS 921729.9 287385.2 1129035.0 22.5
EQUIPMENT ITEM RECORDS 162777.5 36610.1 199387.6 22.5

AIATION FUEL CONSUMPTION 79276.9 18606.9 9733. 23.5

MAINT OF INSTA EQUIP INDICATORS:
JOTAL MILEAGE 379.9 63.3 943.2 7.2
TOTAL VEHICLE EQUIVALENTS 33197.9 3781.5 36979.4 11.4
TOTAL UEHICLES 14600.0 1663.1 1e263.1 11."

MILITARY VEHICLES 4655.6 530.3 5135.9 11.4
AI RCRAFT TRACTORS 320. 36.5 357.3 1
SPECIAL HANDLING -1334. 493.8 ;:328.6 11.4

NON-1'ILITARY VEHICLES 944.4 1132.8 11077.2 11.4
GENERAL PURPOSE AUTO 1220.7 139.0 1359.s 11.4
ALL PURPOSE TRUCKS 8723.7 993.7 ?717.4 11.4

BACHELOR HOUSING INDICATORS:
SQ FT DORM SPACE 9395. 0 i2, 7.4 !I,6-;2.3 135.3

OPM BEDS -8272.5 9976. -"  582- 3. 20.7

OTHER PERSONNEL SUPPORT:
WEIGHTED RATIONS SERVED 456162.9 36910.1 493112.'? 3.1
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STANDARDS APPLICATION

The next step in the validation exercise was to price out the

workload changes produced by the model into work center manpower standards,

where applicable. A set of command work center manpower standards had

been obtained from AFMEA as of June 1978. These standards covered most

work centers in functions 4100 - 4163. Selected additional functional

standards were also acquired from AFMEA. The work center manpower standard

equations and workload factors are listed in Table 1.1.

Workload indicators from GEBOS were command-level output measures.

Therefore, command total output was divided by the number of bases (26)

to determine the average base-level workload.

The average base level workload levels were applied to 15 functional

work centers. The manhours required to perform the FY78 monthly workload

and the increased workload were computed. These figures are given in

Table 1.2. The individual work center manpower changes ranged from 5.3%

to 18.1%. The average overall manhour increase that resulted from the

model's workload changes was 11.4%. This figure compared quite favorably

with the model's estimate of 10%.

These 15 functions accounted for 50% of the supply manpower, based

on 144 available manhours per month (21854 manhours 144 - 151.8 spaces

- 303.8 spaces per base = .500). Thus half the supply manpower on a

typical SAC base was directly estimable from model workload indicators.

The next step in the validation exercise was to determine if the

functional manpower estimated from the workload was consistent with other

estimates of functional manpower. The most detailed command manpower

distribution readily available showed end FY76 functional manpower by

4-digit functional code. The proportion of manpower in each 4-digit

function was computed and the number of available manhours by function

for a typical base was computed, based on 144 hours per space and

303.8 spaces per base. These figures are given in Table 1.3.
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TABLE I.1

RETAIL SUPPLY OPERATIONS WORK CENTER MANPOWER STANDARDS FOR SAC

Function Workload Factor Standard Equation

4100 Subordinate manpower 6.012x 71 7

4111 Authorized military personnel 22.04 + 31.99v'-

4120 Subordinate manpower 8.12 + 4.341x

4121 Line items received and turn-ins 34.04x 3486

inspected
4122 Supply and equipment transactions .3434x" 75 32

S6844

4123 Supply and equipment transactions 1.332x"

4124 WRM/mobility kit line items (5.863 + .4994 ) 2

4125 Self-service line items (1.062 + .8591 x) 2

4126 Supply and equipment transactions 1163 + .009479x

4130 Subordinate manpower 26.53x 841

4131 Item records 22.69 + 3.702/-

4132 Authorized military personnel 6.754 + 1.086x

4133 Item records 317.1 + .01153x

4134 Dollar value of inventory on-hand 169.1 + .0001016x

4135 Base supply manpower 212.1 + .8418x

4140 Subordinate manpower 190.7 + 2.34x

4141 Subordinate manpower 4.665 + 39.90 Vx

414102 Supply and equipment transactions 19.88

414104 Bench stock line items 56.97 + 2.522x

414105 Bench stock line items 85.23 + .08467k

414106 Repair cycle line items 96.55 + .06938x

414107 Avionics maintenance line items 377.9 + .1639x

414108 Assigned aircraft/missile systems 4.42 + 29.39 x
4142 Subordinate manpower 85.8 + 6.61x

414201 Supply transactions 304.7 + .004971 x

414202 Requisitions 691.4 + 134x

414203 Local purchase requisitions 75.37 + .1896x

4150 Subordinate manpower 29.96 + 8.828x

4151 Subordinate manpower 11.87x .822
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TABLE I.1 (cont.)

-RETAIL SUPPLY OPERATIONS WORK CUTER MANPOWEI STANDARDS FOR SAC

Function Workload Factor Standard Equation

415101 Tool kits 12.4 + .55x

415102 Authorized military and civilian
population 33.28 + 1378x

4152 Subordinate manpower 26.98 + 10.8x

415202 Registered equipment .7208x' 81 7

415203 Equipment transactions 141.9 + .007824x

415204 AF Form 601-b line items 203.2 + .9886x

415205 SPR processed equipment tranctions 12.17x 62 9 3

4160 Subordinate manpower 49.67 + 5.973x

4161 Supply and equipment transactions 4.766x 2967

416102 Supply and equipment transactions 5.305x 4271

4162 Requisitions 812.7 + .07137x

4163 Supply and equipment transactions (13.68 + .038835 x)2

4170 N/A

4171 Mobile unit filter separators 212.9 + 2.664x 1
Demineralized water trucks + 14.63x 2
63130/50 authorizations + .3205x

4172 Gallons received by truck and railroad 193.2 + .2151x
Gallons received by pipeline, barge,
tanker + .0634x 2
Pipeline rate per hour - :00262x 3
Gallons issued to mobile units + .1313x 4
fuel tanks (over 50K) + 42. 84x
fuel tanks (25--50K) + 35.69x 6

4174 Gallons issued: aviation fuel + ground 3527
fuel 30.4x'

4175 Gallons received per year .1332 + .0002226x

4176 AF Form 1238 1.318 + .001327x

4177 Vehicles serviced/month 123.1 + . 08719x
4180 N/A

1250 N/A

1251 Monthly dollar amount completed 742 + .0014x
Purchase line items received + .526x

2
Contracts administered + 3.631x

3
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TAXI. 1. 3

SAC MANPOW DISTRIBUTION

As of Sept 1975

Proportional Available
Function Proportion Manhours

4100 .0098 429

41U .0125 547

4120 .0083 363

4121 .0193 844

4122 .0454 1986

4123 .0760 3325

4124 .0060 263

4125 .0114 499

4126 .0476 2083

4130 .0085 372

4131 .0180 788

4132 .0072 315

4133 .0186 814

4134 .0085 372

4135 .0101 442

4140 .0085 372

4141 .0899 3933

4142 .0623 2726

4150 .0069 302

4151 .0374 1636

4152 .0475 2078

4160 .0040 175

4161 .0524 2293

4162 .0299 1308

4163 .0166 726
4170 .0084 368

4171 .0115 503

4172 .0266 1164

4174 .1471 6436
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TABLE 1.3 (cont.)

SAC MANPOWER DISTRIBUTION

As of Sept 1975

Proportional Available
Fncttion Proportion Manhours

4175 .0109 477

4176 .0152 665

4177 .0115 503

4180 .0050 219

1250 .0003 13

1251 .1009 4415

TOTAL 1.0000 43,754
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The manhours estimated by the functional distribution and those

estimated from workload indicators can be directly compared for 9 func-

tions. These functions are presented in Table 1.4. The two estimates

of manhours are remarkably consistent, especially considering the man-

power distribution differed two years from the workload, and in many

cases the average workload was derived from one mounth's data. All

workload estimates are within 10% of one another, and the average

discrepancy was only 2.6%.

The next step was to extend the workload projections to additional

functions. Additional manpower changes could be computed from additional

workload data, by computing approximate workload from estimated manpower.

Additional workload data was collected on selected indicators in 1977

that was not available in 1978. These indicators were bench stock items

and repair cycle items. The average value of these items for FY77 was

used as the workload estimate.

For many functions an estimate of the average available manhours

could ba computed from the functional manpower distribution in Table 1.4.

For example, the workload indicator for function 4125 is self-service

store line items. While no data on the workload indicator was readily

available, it was possible to estimate that the workload indicator would

have a typical value of 613, based on the proportional functional man-

hours and the standard equation.

The third source of additional workload estimates was for functions

that take subordinate manpower as their workload indicator. For example,

the workload indicator for function 4120 was the manpower in functions

4121-4126. Once the manpower had been estimated for the subordinate

functions, it served as the workload indicator for function 4120. Thus

the manpower in function 4120 was derived from other functional manpower.

The workload indicator values, percentage increases, and resultant

workload value for all functions are listed in Table 1.5. The manhour

figures corresponding to these workload levels are listed in Table 1.6.
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Table 1.4

FUNCTIONAL MANPOWER ESTIMATED FROM M)DEL WORKLOAD AND FUNCTIONAL

DISTRIBUTION

Manhours Manhours
Estimated From Estimated From Percent

Function Model Workload Manpower Distribution Difference

4122 1987 1986 0.1

4123 3494 3325 4.8

4126 2101 2083 0.9

4131 779 788 -1.2

4133 798 814 2.0

4135 468 442 5.9

4162 1200 1308 -9.0

4163 663 726 -9.5

4174 5954 6436 -7.5

TOTAL 17444 17908 -2.6
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TABLE 1.6

ESTIMATED MANHOUR CHANGES BY FUNCTION FOR SAC RETAIL SUPPLY OPERATIONS

Source of Workload Resultant Percent
Function Manhours Estimate Manhours Increase

4100 Derived 345 377 9.1

4111 Standard 547 573 4.8

4120 Derived 285 326 14.4

4121 Standard 844 906 7.3

4122 Model 1987 2347 18.1

4123 Model 3494 4065 16.3

4124 Standard 263 300 14.1

4125 Standard 499 606 21.4

4126 Model 2101 2332 11.0

4130 Derived 315 343 9.0

4131 Model 779 860 10.4

4132 Standard 315 346 9.8

4133 Model 798 906 13.5

4134 Standard 372 418 12.4

4135 Model 468 493 5.3

4140 Standard 295 309 4.7

4141 Derived 201 214 6.5

414102 Model 1158 1252 8.1

414104 77 Data 268 290 8.2

414105 77 Data 677 810 19.6

414106 77 Data 478 564 18.0

414107 Upper Bound 619 673 8.7

414108 Upper Bound 298 356 19.5

4142 Derived 201 218 8.5

414201 Model 748 857 14.6

414202 Model 1419 1599 12.7

414203 Standard 360 428 18.9

4150 Derived 251 292 16.4

4151 Derived 85 99 16.5
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TABLE 1.6 (cont.)

ESTIMATED MANHOUR, CHANGES BY FUNCTION FR SAC RETAIL SUPPLY OPERATIONS

Source of Workload Resultant Percent
Function Manhours Estimate Manhours Increase

415101 Standard 820 1002 22.2

415102 Standard 729 902 23.7

4152 Derived 162 184 15.5

415202 Upper Bound 204 240 17.6

415203 Model 219 238 8.7

415204 Upper Bound 895 1051 17.4

415205 Upper Bound 486 558 14.8

4160 Derived 163 173 6.3

4161 Model 145 154 6.2

416102 Model 721 793 10.0

4162 Model 1200 1296 8.0

4163 Model 663 737 11.1

4170 Upper Bound 363 399 •10.0

4171 Upper Bound 503 561 11.6

4172 Upper Bound 1164 1374 18.0

4174 Model 5954 6414 7.7

4175 Upper Bound 477 477 0.0

4176 Standard 665 821 23.5

4177 Standard 503 546 8.6

4180 Upper Bound 219 263 20.0

1250 Upper Bound 13 13 0.0

1251 Upper Bound 4406 5190 17.8

TOTAL Model Workload 21854 24343 11.4

TOTAL Model + Standard +
Derived Workload 31497 35390 12.4

TOTAL All Workload 41144 46545 13.1

1-19



The total percentage manpower increase for workload factors covered by

the model, FY77 workload, and subordinate manpower was 12.4%. Seventy-

two percent of the manpower in the functional category was covered by this

estimate.

The last group of functions included those with multiple workload

izt-icators, those whose workload indicators were impossible to project

accurately, and those with unknown standards equations. For these functions

it was impossible to determine an accurate estimate of workload levels.

Therefore, reasonable upper bounds were set on workload indicators. That

is, it it was not possible to determine how much workload values would

increase to be consistent with other supply increases, or whether parti-

cular workload indicators would remain fixed or variable, estimates were

made favoring large workload increases. Thus, the estimates produced

for these functions probably overestimated the manpower increase, but

set an approximate upper bound for the manpower change.

The results for all functional manpower increases are also shown

in Table 1.6. The total, upper bound on manpower increase is 13.1%.

This estimate covered 94% of the manpower in the Retail Supply Operations

functional category.

CONCLUSIONS

The workload change produced by a 10% model manpower increase

yielded from 11.4 to 13.1% when applied to the work center standards.

Thus, the model estimates the manpower change to be somewhat less than

that estimated by the standards, but in general the model manpower

change is consistent, in terms of order-of-magnitude, with the standard.

Considering the many assumptions and sources of bias or error that were

encountered, the model estimates appear quite reasonable.

Some of the potential sources for bias in the manpower estimates

are outlined below.
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Authorizations Versus Requirements

The GEBOS model dealt with authorized manpower spaces, while the

standards were based on total requirements. To the degree that require-
ments were not fully authorized, GEBOS would overestimate manpower

productivity. This could be a reason why standards produced a larger

manpower estimate than GEBOS. However, there was no empirical evidence
of this occurring.

Fractional Manpower and Manhours

The manpower changes in the standards application exercise were
measured in terms of manhours. Actual manpower changes are made in whole

numbers of spaces.

There are separate rules for rounding military and civilian man-
hours to spaces. Fractional civilian manhours round up to the next
highest whole number. Military manhours round either up or down depending
on the number of spaces in the function and the amount of fractional

manpower.

Since 80.2% of the supply manpower is military, application of the

fractional manpower riule for military manpower is likely to result in a

smaller manpower increase than the amount computed in terms of manhours.

This factor could account for the standards estimated manpower change to

be larger than the model's manpower change.

Number of Work Centers

The validation calculations, taking total workload and dividing

by the number of bases, have the implicit assumption that there is one

of each functional work center per base. Where there are more than 26 work

centers and there are linear standards equations, the presence of a

positive manhour intercept means the manpower change would be over-

estimated. That is with more work centers more manpower is related to

fixed costs and consequently a given change in workload will produce

a smaller manpower change. If there were fewer than 26 work centers,

the manpower change may be underestimated.
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Nonlinear Biases

Many of the standards equations are of a nonlinear form, such as

AX b . For nonlinear forms, such as the power curve, it is necessary to

know the complete distribution of'workload to accurately estimate man-

power. However, any distributional errors in workload are likely to

be small for the distribution of workloads encountered in SAC.

Missing Standards

Approximately 6.0% of the total estimated manhours were not

accounted for in the standards estimation. There apparently were some

work centers and standards omitted. Since this is only a small percentage

of manpower, it would not alter results appreciably.

Out-of-Date Standards

The standards used were those available as of June 1978. In some

cases standards could have been replaced by newer standards. New

standards would likely have higher workload to manpower ratios.

Regression Coefficient Biases

The aggregate workload equations in GEBOS use only the most

significant workload indicators. The degree to which other indicators

produce manpower changes that are uncorrelated with the model workload

indicators could result in regression bias. It is not possible to pre-

dict in advance how the aggregate regression relationship is biased.

Based on the results of the validation exercise, the regression constant

could be slightly smaller than originally estimated.

In conclusion, the application of work cevter standardA can be

used to validate GEBOS manpower equations. The workload changes pro-

duced by a 10% manpower change in the model yield about a 12% change

from standards application. The 2% difference is probably not significant

given the numerous assumptions, approximations, and sources for error.

The key finding from GEBOS, that supply workload is highly elastic with

respect to supply manpower was upheld by the standards. Therefore, the

aggregate manpower/workload relationship used in GEBOS appears consistent

with the standards.
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For full model validation, the process outlined above could be

repeated (with more up-to-date data where appropriate) for all major

functional categories. It would, of course, be very time consuming con-

sidering the number of work centers and commands involved. As addressed

elsewhere in this report, it is probably preferable to use this technique

on a selective basis. When full mission programming capability is

available in the model, comparison of model outputs with the results of

active command application of programmed force structure changes should

provide the most reliable basis for validation.
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MISSION ANALYSI3

This appendix describes the analysis of mission-BOS relationships

for the development of the prototype mission-BOS model.

The investigation of measures of mission capability was the first

task in the development of mission-BOS relationships. Annex 1 to this

appendix describes this investigation. Annex 1 also describes the con-

ceptual framework of the BOS mission extension.

The development of mission factors began with the analysis of base

population by program element and organization. Selected bases in SAC

and TAC were investigated as to manpower.

Manpower outside of BOS was divided by the aircraft inventory to

determine the manpower per aircraft factor. The average manpower per

F-111D was 49.6 spaces, 69% of which was in the primary program element.

The average figure probably overstates the true variable manpower per

aircraft somewhat. Some of the manpower requirements would not vary

directly with additional manpower increments.

Aircraft flying hours was then analyzed as to its relationship

with supply indicators. Since fuel consumption was a workload indicator

for the Retail Supply Operation Function, it was used as the principal

link between flying hours in primary and subordinate program elements.

Table J.1 displays the manpower for Cannon AFB in TAC.

The analysis of mission data continued with the collection of data

on aircraft, flying hours, and sorties. The data was obtained from the

Data Base Management Division in the Directorate of Programs (PAXRB).

The sources were:

0 Air Force Inventory of Aerospace Vehicles by Station (G033)
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TABLE J.1

MANPOWER DISTRIBUTION FOR CANNON AFB

Program

Command Element Description Manpower Percent

TAC 27129 F-illD Squadrons 2417 54.0

TAC 27594 Real Property Maintenance 347 7.8

TAC 27596 Base Operating Support 960 21.4

TAC 87711 Medical 225 5.0

TAC Miscellaneous - 288 6.4

CSV Miscellaneous - 144 3.2

Misc. -- - 99 2.2

Total 4480 100.0

Source: Command manpower data bank for 4th quarter FY78, as of Septem-
ber 1978.
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0 Quarterly Air Force Flying Hours, Landings, Sorties by

Organization (SSA-21)

Table J.2 lists the aircraft data for selected TAC bases derived

from these reports.

Fuel consumption per aircraft flying hour was obtained from the

USAF Cost and Planning Factors Guide (.AFP 173-13 (U), 31 May 1979).

Fuel consumption rates were applied to average monthly flying hours for

the TAC bases listed in Table J.2.

Base aviation fuel consumption estimated from flying hours was 22%

below actual monthly fuel consumption for end FY78. There are several

possible reasons for this discrepancy. First, flying hour data were

averaged over three quarters of FY78. Considerable quarterly flying

hour variability existed, so an effort was made to reduce variability

through averaging. Secondly, fuel consumption data did not cover the

same time period as the flying hours. Finally, transient aircraft fuel

consumption could introduce considerable additional variability in fuel

consumption.

Actual fuel consumption for TAC was shown to be highly correlated

with total supply transactions, total item records, and aircraft tractors.

The relationships between fuel consumption, supply transactions, and item

records were used to relate flying hours to the Retail Supply Operations

workload indicators. Three equations exist between manpower and supply

workload for TAC:

RSO - 126.1 + .0040 (total item records) r2 - .863 (1)

RSO - 235.0 + .0320 (aviation fuel consumption) r2  .562 (2)

RSO - 124.0 + .00125 (total transactions) r2  .881 (3)

Solving these three equations with respect to fuel consumption

finds the following aggregate results:
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TABLE J.2

AIRCRAFT DATA FOR SELECTED TAC BASES

Aircraft Flying Average Flying

Base M/D/Sa Numbera Hoursu  Sorties Hours/Sortie

Cannon F-111D 71 11,656 4,757 2.45

England A007D 64 13,012 7,466 1.74

Holloman F105A 51 5,627 4,086 1.38

FOI5B 4 495 322 1.54

T038A 76 13,226 12,910 1.02

T038B 39 5,717 6,211 0.92

UH001N 2 455 285 1.60

Luke UH001P 3 852 711 1.20

F004C 73 12,554 9,369 1.34

FO15A 41 6,530 5,228 1.25

F015B 26 3,237 2,334 1.39

FTF104G 22 2,332 2,150 1.08

FXF1OG 34 4,045 3,673 1.10

T033A 4 786 463 1.70

CHOO3E 6 1,207 747 1.62

Moody FOO4E 34 11,484 7,990 1.44

aFrom Inventory of Aerospace Vehicles by Station, September 1978.

b From Quarterly USAF Flying Hours, Landings, Sorties by Organization
for 1st, 2nd, and 4th Quarter, 1978.
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1000 gallons fuel consumption - 8.0 total inventory item records

1000 gallons fuel consumption - 25.6 total transactions

Based on these relationships, aviation fuel consumption can be

related to supply workload indicators and manpower. The F-111D was selected

as the prototype aircraft to be used in the mission model. The F-3IID has

an average planned fuel consumption of 1500 gallons per hour. However,

an arbitrary reduction in the factor was made to round the aggregate

supply indicator change to 5% for a specific level of activity. Therefore,

the factors used in the prototype model became:

* 1306 gallons fuel consumption per flying hour

* 11.43 transactions per flying hour

* 10.45 item records per flying hour
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ANNEX 1

MEASURES OF MISSION CAPABILITY
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MEASURES OF MISSION CAPABILITY

This paper provides a compilation of ways the Air Force addresses,

measures, and quantifies its mission. The purpose of this list is to

identify a set of measures that would be fruitful to pursue in terms of

their relationship to various BOS workload measures and BOS manpower.

The measures identified can be classified in several ways:

* Measures can either be absolute standards of performance

(mission-standards), or they can be performance reports of

how well units compare to various standards (mission per-

formance measures).

* Capabilities can reflect peacetime requirements, wartime re-

quirements, or they can measure readiness (the capability of

a unit to make the transition from peacetime to wartime em-

ployment).

* Measures can be direct mission performance indicators or they

can be indirect or secondary indicators that are assumed to

be correlated with some aspect of mission performance.

The measures of mission capabilities identified are grouped accord-

ingly:

0 Primary mission standards

* Primary mission performance standards

0 Secondary standards and performance measures of potential use

* Secondary performance measures of no potential use

Primary Mission Standards

Designed Operational Capability (DOC) Statement [1]. This formal

statement, as formulated by MAJCOMs, identifies the unit's wartime require-

ments to accomplish 100% of its mission and contains quantitative descrip-

tions of the unit's tasked mission, including sortie rates and duration.

This statement could serve as a useful standard for quantifying wartime

mission requirements in terms of sorties and flying hours.
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Training Sorties Required (2]. Aircrews must regularly meet pro-

ficiency goals. These peacetime proficiency flying requirements theoreti-

cally reflect a unit's capability to perform its wartime mission. To meet

proficiency levels for mission-ready and mission-capable status, aircrews

msut perform specified numbers of sorties in different categories. Sortie

types depend on the type of aircraft. Some classes found were air-ground,

mission support, day and night, and air combat training. This standard

could serve as a basis for relating peacetime flying hour/sortie require-

ments to wartime mission.

Primary Mission Performance Measures

Unit Capability Measurement System (UO(S) [1]. UMS is the standard

USAF management information system to assess unit capabilities to sustain

combat operations for 30 days. It contains the unit commander's daily

evaluation of his unit's readiness in terms of key measures in equipment,

crews, personnel, and overall readiness. Each rating is given a score

ranging from 0 to 100. UQM ratings can be converted to C-ratings. This

report can provide empirical data on how well units are performing against

the DOC statement.

Force Status Reports (FORSTAT) [1]. FORSTAT is a daily report to

JCS on the combat readiness of units overall and in key areas, such as

personnel, equipment/supplies, equipment readiness, and training. The

C-rating criteria are C-1, fully ready; C-2, substantially ready; C-3,

marginally ready; and C-4, not ready. The FORSTAT ratings are derived

from the UQ1S data previously described. The FORSTAT system is projected

to be replaced by the Unit Status and Identify Report on 1 February

1980 [5].

Operational Readiness Inspections (ORI) [2]. ORIs periodically

rate force readiness. Actual effectiveness data are collected by on-site

inspection and functional evaluation. Aircrew and munition crew perfor-

mance are measured in terms of such criteria as sorties flown, refuelings,

strike events, weapons firing, day target, night target, and side-looking

air-borne radar performance. All units are evaluated against standard

applicable criteria.
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M bbility Readiness Plans and Exercises. AP1 28-40 [4] and TAC

Manual 400-1 [5] set mobility requirements and CON=A Force Generation

Publication 200 sets time frames for deployment of force packages. IG

teams, ORIs, and MEI reports evaluate units according to mobility capa-

bilities, training, and readiness criteria. The degree to which readiness

plans and exercises define supply requirements, training, operationally

ready equipment, and maintenance provides a potential means of relating

mission readiness to BOS.

Management Effectiveness Inspections (MEI) [2]. MEIs rate units as

either satisfactory or unsatisfactory under peacetime assumptions. Each

functional area is evaluated under a variety of inspection criteria, and

rated either laudatory, minor deficiency, or major deficiency. Functions

evaluated include Personnel, Administration, Security Police, Comptroller,

Weather, Organizational Maikntenance, Intermediate Maintenance, and Supply.

Operational Readiness Rates [6]. Status reports document individual

unit ability to provide operational aircraft (or missiles) sufficient to

satisfy sortie and alert requirements of ill kinds. The Aerospace Vehicle

Inventory, Status and Utilization Reporting System reports mission equip-

ment status in terms of mission capability. That is, whether they are:

fully mission capable (FMC), partially mission capable (PMC), or not at

all mission capable because of deficiencies in maintenance performed

(NMCM), supplies required but not on hand (NMCS), or both (NMCB). This

classification replaced the previous "not operationally ready due to

supply (NORS) or maintenance (NORM)" classification system. Classifica-

tion is based on peacetime standards of maintenance, supply, and personnel

utilization. Such data could provide a means for linking actual aircraft

readiness to actual maintenance and supply conditions.

Proportions of Mission-Ready Crews [2]. Assigned aircrews are

evaluated against the sortie training requirements for mission-ready

crews. The proportion of assigned crews meeting these standards is one

description of the peacetime mission readiness of a base. This measure
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is subject to considerable variability if a squadron is undergoing con-

version, or is serving as a replacement training squadron.

Secondary Standards and Performance Measures of Potential Use

Flying Activity [7, 8]. 'Measures such as sorties per month,

flying hours per month, and sorties/flying hours per aircraft can serve

as quantifiable measures of mission capability and activity. These

activity-level measures should be related to specific training or combat

requirements, however.

Pilot Experience Levels (2]. The experience levels of pilots

could serve as a general measure of pilot capabilities and hence mission

capability. Pilot flying hour experience can be broken down according

to several categories, such as combat experience, and by aircraft. It

is probably not useful as the primary measure of mission, but it could

provide additional empirical data on how pilot flying time and sortie

experience are likely to be distributed.

Sortie Event Content [2]. Related to the number and types of

training sorties is the event content of each sortie. There are TAC and

general AF standards that must be met by each sortie. Event content might

serve as a secondary factor for projecting flying hours based on sortie

types.

Mission Manpower Authorizations by UE. This is used as an overall

descriptive measure to assess manning ratios and support efficiencies of

similar units [2]. Manpower was classifeid as required by wing, fighter

squadron, maintenance, and support elements. While not useful directly as

a measure of mission capability, if organizational components manpower re-

quirements per UE are reliable, that information could be used as one ele-

ment of information in estimating population-related support requirements.

Direct Maintenance Manhours per Flying Hour (DbOS/FH) [9]. DMMH/FH

is proposed as a measure of flying hours as they relate to maintenance

man-hours. The actual observed man-hours can vary in the short run due
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to the urgency of sortie generation, deferred maintenance, and on-the-job

training [2]. Such relationships can be useful to the GEBOS model, but

GEBOS should probably rely on derived DMMH/FH factors, rather than short-

term statistical observations.

Defense Resource Model (DRM) [10]. DRM was developed by GRC for

the Congressional Budget Office to describe dhe budget impact of DOD

requirements. The model is driven by force changes in primary aggregated

elements (Strategic and Tactical/Mobility forces). These changes in turn

drive changes in other areas such as auxiliary activities, mission support,

central support, and miscellaneous through a series of linear, hierarchi-

cal relationships. While not a standard or performance measure as such,

DRM methodology might be adapted for projecting BOS manpower as a function

of mission unit force structure.

Secondary Performance Measures of No Potential Use

Maintenance Experience [2]. One intermediate measure of maintenance

capabilities is the average years of experience of maintenance personnel.

Theoretically, experienced technicians will be able to perform a greater

variety of maintenance tasks more efficiently. This measure is not rele-

vant for GEBOS purposes.

Abort Rates [2]. Related to the level of operations is the number

of missions aborted. It could serve as a measure of maintenance-aircrew

proficiency. However, abort rates observed by Morgan and others were

usually low with little explainable variability.

Base Self Sufficiency Indices [2]. Such indices reflect the ability

of units to accomplish field and intermediate maintenance with their own

resources. While a potentially useful index, it is usually quite high

and appears to have too little variability for GEBOS analysis purposes.

Accident Rates [2]. Accident rates could be a measure of pilot and

training proficiency. Observed values found there was little explainable

variation that could be directly related to training or mission capabili-

ties.
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Proposed Analysis Plan

Figure 1 is a conceptual display of the proposed BOS mission exten-

sion. BOS manpower requirements are based on peacetime BOS workload.

One reason for this is that in wartime the emergency work week will in-

crease available manhours by approximately 68%.1 Also, many BOS workload

factors are population- rather than usage-related. For these reasons,

there is an implicit assumption that peacetime BOS manpower for a given

installation will support its wartime workload (to include deployment

commitments). Thus, the next key activity in determining the relation-

ship of BOS manpower and mission capability is the analysis of the impact

of peacetime mission demands on BOS workload.

Several aspects of peacetime mission capability should impact on

BOS workload factors. Mission personnel clearly will contribute to popu-

lation-related workload that drives Administration, MWR, and Other Base

Services manpower requirements. Other peacetime mission capability mea-

sures will drive other workload indicators. Flying hours and sorties

flown should determine aviation fuel consumption, a key supply indicator.

Other mission requirements will contribute to vehicle inventories and

supply inventory and transactions. Thus, mission capability can be seen

as a contributor to both mission manpower-related and mission activity-

related portions of BOS workload.

Extension of BOS workload-BOS peacetime mission requirements can

make GEBOS a useful programming tool as well as an explanatory model.

Model users can input various mission requirements in terms of aircraft

by model-design-series and a utilization rate. The model-design-series

can then be used to generate various fixed mission manpower and BOS sup-

port (such as supply inventory requirements) data and the programmed

utilization rate, in such terms as flying hours, sorties and/or alert

lines will generate additional activity-related supply requirements.

These total requirements can then determine BOS manpower requirements

using production function and constraint relationships similar to those

of the existing model.

'Wartime projected available manhours 244 per month versus 144.9 current.
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The final step in determining the impact of BOS changes is the

investigation of the relationship between peacetime mission capabilities

and wartime mission capabilities and objectives. Flying hours and peace-

time sortie requirements are necessary to maintain pilot and crew pro-

ficiency. These training requirements relate to their ability to perform

wartime missions of various types and with particular frequency. These

wartime mission capabilities will determine what mission objectives the

crews can be expected to accomplish. It should then be possible to make

quantified statements about the impact of BOS changes on peacetime activity

and force levels and the relationship which these changes, in turn, hav

on wartime capabilities.

During the remainder of the current effort, major research concen-

tration will be focused on establishing relationships between peacetime

mission activity and BOS workloads and the development of a prototype

or demonstration capability to predict BOS requirements by functional

grouping as a function of changes in force levels and activity rates.
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